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Tolume,  have  been  looked  through  by  Dr.  Hooker  and  Prof. 
Husley;  and  I  havoi  as  beforoi  to  thank  them  for  their 
yaloable  criticisms,  and  for  the  trouble  they  hare  taken  in 
checking  the  numerous  statements  of  fact  on  which  the  argu- 
ments proceed.  The  consciousness  that  their  many  duties 
render  time  extremely  precious  to  them,  makes  me  feel  how 
heavy  is  my  obligation. 

Part  IV.y  with  which  this  Tolume  commences,  contains 
numerous  figures.  Nearly  one  half  of  them  are  repetitions, 
mostly  altered  in  scale  and  simplified  in  execution,  of  figures, 
or  parts  of  figurcF,  contained  in  the  works  of  various 
Botanists  and  Zoologists.  Among  the  authors  whom  I  havo. 
laid  under  contribution,  I  may  name  Berkeley,  Carpenter, 
Cuvier,  Oreen,  Harvey,  Hooker,  Huxley,  Milne-Edwards, 
Balfs,  Smith.  The  remaining  figures,  numbering  150,  are 
from  original  sketches  and  diagrams. 

The  successive  instalments  which  compose  this  volume, 
were  issued  to  the  Subscribers  at  the  following  dates : — No. 
13  (pp.  1—80)  in  January,  1865 ;  No.  14  (pp.  81—160)  in 
June,  1865  ;  No.  16  (pp.  161—240)  in  December,  1865 ;  No. 
'6  (pp.  241—320)  in  June,  1866 ;  No.  17  (pp.  321—400)  in 
November,  1866 ;  and  No.  18  (pp.  401—566)  in  March,  1867. 
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CHAPTER  I. 

THE  PROBLiaiS  OF  MOBPHOLOQT. 

§  175.  The  division  of  Morphology  from  Physiology,  is 
one  which  may  be  tolerably- well  preserved,  so  long  as  we  do 
not  carry  our  inquiries  beyond  the  empirical  generalizations 
of  their  respective  phenomena ;  but  ft  is  one  which  becomes 
in  great  measure  nominal,  when  the  phenomena  are  to  be 
rationally  interpreted.  It  would  be  possible,  after  analyzing 
our  Solar  Syvtem,  to  set  down  certain  general  truths  respect- 
ing the  sizes  and  distances  of  its  primary  and  secondary 
members,  omitting  all  mention  of  their  motions ;  and  it  would 
be  possible  to  set  down  certain  other  general  truths  respect- 
ing their  motions,  without  specifying  their  dimensions  or 
.  positions,  further  than  as  greater  or  less,  nearer  or  more  re- 
mote. But  on  seeking  to  account  for  these  general  truths, 
arrived  at  by  induction,  we  find  ourselves  obliged  to  con- 
sider simultaneously  the  relative  sizes  and  places  of  the 
masses,  and  the  relative  amounts  and  directions  of  their 
motions.  Similarly  with  organisms.  Though  we  may  frame 
sundry  comprehensive  propositions  respecting  the  arrange- 
ments of  their  organs,  considered  as  so  many  inert  parts ;  and 
though  we  may  establish  several  wide  conclusions  respecting 
the  separate  and  combined  actions  of  their  organs,  without 
knowing  anything  definite  respecting  the  forms  and  positions 
of  these  organs ;  yet  we  cannot  reach  such  a  rationale  of  the 
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Thb  proof  sheets  of  this  volume,  like  those  of  the  last 
volume«  have  been  looked  through  by  Dr.  Hooker  and  Prof. 
Huxley;  and  I  have,  as  before,  to  thank  them  for  their 
valuable  criticismsy  and  for  the  trouble  they  have  taken  in 
checking  the  numerous  statements  of  fact  on  which  the  argu- 
ments proceed.  The  consciousness  that  their  many  duties 
render  time  extremely  precious  to  them,  makes  me  feel  how 
heavy  is  my  obligation. 

Part  lY.y  with  which  this  volume  commences,  contains 
numerous  figures.  Nearly  one  half  of  them  are  repetitions, 
mostly  altered  in  scale  and  simplified  in  execution,  of  figures, 
or  parts  of  figures,  contained  in  the  works  of  various 
Botanists  and  Zoologists.  Among  the  authors  whom  I  havo. 
laid  xmder  contribution,  I  may  name  Berkeley,  Carpenter, 
Cuvier,  Green,  Harvey,  Hooker,  Huxley,  Milne-Edwards, 
Balfs,  Smith.  The  remaining  figures,  numbering  150,  are 
from  original  sketches  and  diagrams. 

The  successive  instalments  which  compose  this  volume, 
were  issued  to  the  Subscribers  at  the  following  dates : — ^No. 
13  (pp.  1—80)  in  January,  1866 ;  No.  14  (pp.  81—160)  in 
June,  1866  ;  No.  15  (pp.  161—240)  in  December,  1866 ;  No. 
'6  (pp.  241—320)  in  June,  1866 ;  No.  17  (pp.  321—400)  in 
November,  1866 ;  and  No.  18  (pp.  401— 666)  in  March,  1867. 

LondoTif  JUarch  2Zrd^  1867. 


6  MOSFHOLOGICAL  BEVBLOPMEirr. 

homologies  of  its  different  parts  become  problems.  Under 
the  disguises  induced  by  the  consolidation  of  primary,  second- 
ary, and  tertiary  units,  it  has  to  be  ascertained  which  answer 
to  which,  in  their  degrees  of  composition. 

Such  questions  are  more  intricate  than  they  at  first  appear ; 
since,  besides  the  obscurities  caused  by  progressive  integration, 
and  those  due  to  accompanying  modifications  of  form,  further 
obscurities  result  from  the  yariable  growths  of  imits  of  the 
different  orders.  Just  as  an  army  may  be  augmented  by  re- 
cruiting  in  each  company,  without  increasing  the  number  of 
companies ;  or  may  be  augmented  by  making  up  the  full 
complement  of  companies  in  each  regiment,  while  the 
number  of  regiments  remains  the  same;  or  may  be  aug- 
mented by  putting  more  regiments  into  each  division,  other 
things  being  unchanged ;  or  may  be  augmented  by  adding  to 
the  number  of  its  divisions  without  altering  the  components  of 
'each  division ;  or  may  be  augmented  by  two  or  three  of  these 
processes  at  once ;  so,  in  organisms,  increase  of  mass  may  be 
due  to  growth  in  tmits  of  the  first  order,  or  in  those  of  the 
second  order,  or  in  those  of  still  higher  orders ;  or  it  may  be 
due  to  simultaneous  growth  in  tmits  of  several  orders. 
And  this  last  mode  of  integration  being  the  general  mode, 
puts  difficulties  in  the  way  of  analysis.  Just  as  the  structure 
of  an  army  would  be  made  less  easy  to  understand,  if  com- 
panies often  outgrew  regiments,  or  regiments  became  larger 
than  brigades ;  so  these  questions  of  morphological  composi- 
tion, are  complicated  by  the  indeterminate  sizes  of  the  units 
of  each  kind— -relatively-simple  units  frequently  becoming 
far  more  bulky  than  relatively-compoimd  units. 

{  177.  The  morphological  problems  of  the  second  class, 
are  those  having  for  their  subject-matter  the  changes  of  shape 
that  accompany  changes  of  aggregation.  The  most  general 
questions  respecting  the  structure  of  an  organism,  having  been 
answered  when  it  is  ascertained  of  what  units  it  is  cgmposed  as 
a  whole,  and  in  its  several  parts ;  there  come  the  more  special 
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qiiestums  oonoeniing  its  Ibnn— ^ann  in  the  ordinary  aenae. 
After  the  contnata  canaed  by  irariatunia  in  the  prooeas  of 
integration,  we  ha^e  to  wmaMer  the  oontxmsta  canaed  by 
TaiiationB  in  the  proeeaa  <tf  differentiation.  To  apeak  apeci- 
fically — the  ahape  of  the  organiam  aa  a  whole,  irreflpect« 
ire  of  ita  oonqKMitbn,  haa  to  be  aooountod  for.  Beaaona 
haye  to  be  fonnd  for  the  nnlikenesa  between  ita  general  out« 
linea  and  the  gaieral  outlines  of  allied  organisma.  And  there 
have  to  be  answered  kindred  inquiries  respecting  the  propor* 
tions  of  its  component  parts : — Why,  among  such  of  these  aa 
are  homologous  with  one  another,  have  there  arisen  the 
differences  that  exist  ?  And  how  haye  there  been  produced 
the  contrasts  between  them  and  the  homologous  porta  of  or* 
ganisma  of  the  same  type  P 

Yery  numerous  are  the  heterogeneities  of  form  that  present 
themselyes  for  interpretation  under  these  heads.  The  ultimate 
morphological  units  combiaed  in  any  group,  may  be  differ* 
entiated  indiyidually,  or  coUectiTely,  or  both :  each  of  them 
may  undergo  changes  of  shape ;  or  some  of  them  may  be 
changed  and  others  not ;  or  the  group  may  be  rendered  mul- 
tiform  by  the  greater  growth  of  some  of  its  units  than  of 
others.  Similarly  with  the  compound  units,  arising  by  union 
of  these  simple  units.  Aggregates  of  the  second  order  may 
be  mode  rektively  complex  in  fonn,  by  inequalitiea  in  the 
rates  of  multiplication  of  their  component  units  in  direrse 
directions ;  and  among  a  number  of  such  aggregates,  numer- 
ous unlikenesses  may  be  constituted  by  differences  in  their 
degrees  of  growth,  and  by  differences  in  their  modes  of 
growth.  Manifestly,  at  each  higher  stage  of  composition,  the 
possible  sources  of  diyergence  are  multiplied  still  further. 

That  &cts  of  this  order  can  be  accounted  for  in  detail,  is 
not  to  be  expected— the  data  are  wanting.  All  that  we  may 
hoi>e  to  do,  ia  to  aacertain  their  general  lawa.   How  this  is  to 
be  attempted  we  will  now  consider. 
« 

I  178.  The  taak  before  us  ia  to  trace  throughout  these 
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phenomena  the  process  of  eTolution ;  and  to  show  how,  as 
disphiyed  in  them^  it  confbrms  to  those  first  principles  which 
eyolution  in  general  conforms  to.  Two  sets  of  fiictors  have 
to  be  taken  into  account.    Let  ns  look  at  them. 

The  factors  of  the  first  class  are  those  which  tend  directly 
to  change  an  organic  aggregate,  in  common  with  every  other 
^BST^go^te,  from  that  more  simple  form  which  is  not  in  equi- 
librium  with  incident  forces,  to  that  more  complex  form  which 
is  in  equilibrium  with  them.  We  have  to  mark  how,  in  corre- 
spondence with  the  imiyersal  law  that  the  uniform  lapses  into 
the  multiform,  and  the  less  multiform  into  the  more  multi- 
form, the  parts  of  each  organism  are  ever  becoming  further 
differentiated ;  and  we  have  to  trace  the  varying  relations  to 
incident  forces,  by  which  further  differentiations  are  entailed. 
We  have  to  observe,  too,  how  each  primary  modification  of 
structure,  induced  by  an  altered  distribution  offerees,  becomes 
a  parent  of  secondary  modifications — ^how,  through  the  neces- 
sary multiplication  of  effects,  change  of  form  in  one  part  brings 
about  changes  of  form,  in  other  parts.  And  then  we  have  also 
to  note  the  metamorphoses  constantly  being  induced  by  the 
process  of  segregation — by  the  gradual  union  of  like  parts 
exposed  to  like  forces,  and  the  gradual  separation  of  like  parts 
exposed  to  unlike  forces.  The  factors  of  the  second 

class  which  we  have  to  keep  in  view  throughout  our  interpret- 
ations, are  the  formative  tendencies  of  organimis  themselves 
— ^the  proclivities  inherited  by  them  from  antecedent  organ- 
isms,  and  which  past  processes  of  evolution  have  bequeathed. 
We  have  seen  it  to  be  a  necessary  inference  from  various  orders 
of  facts  (§§  65,  84,  97.)  that  organisms  are  bmlt  up  of  certain 
highly-complex  molecules,  which  we  distinguished  as  physio- 
logical units — each  kind  of  organism  being  built  up  of  phy- 
siological units  peculiar  to  itself.  We  found  ourselves  obliged 
to  recognize  in  these  physiological  units,  powers  of  arranging 
themselves  into  the  forms  of  the  organisms  to  which  they  be- 
long ;  analogous  to  the  powers  which  the  molecules  of  inor- 
ganic substances  have  of  aggregating  into  specific  crystalline 
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forms.  We  have  consequently  to  regard  tliis  polarity  of  the 
physiological  units,  as  producing,  during  the  development  of 
any  organism,  a  combination  of  internal  forces  that  expend 
themselves  in  working  out  a  structure  in  equilibrium  with 
the  forces  to  which  ancestral  organisms  were  exposed ;  but 
not  in  equilibrium  with  the  forces  to  which  the  existing  organ- 
ism is  exposed,  if  the  environment  has  been  changed.  Hence 
the  problem  in  all  cases,  is,  to  ascertain  the  resultant  of  inter- 
nal organizing  forces,  tending  to  reproduce  the  ancestral  form, 
and  external  modifying  forces,  tending  to  cause  deviations  from 
that  form.  Moreover,  we  have  to  take  into  account, 

not  only  the  characters  of  immediately-preceding  ancestors, 
but  also  those  of  their  ancestors,  and  ancestors  of  aU  degrees  of 
remoteness.  Setting  out  with  rudimentary  types,  we  have 
to  consider  how,  in  each  successive  stage  of  evolution,  the 
structures  acquired  during  previous  stages,  have  been  ob- 
scured by  further  integrations  and  further  differentiations ; 
or,  conversely,  how  the  lineaments  of  primitive  organisms 
have  all  along  continued  to  manifest  themselves  imder  the 
superposed  modifications. 

§  179.  Two  ways  of  carrying  on  the  inquiry  suggest 
themselves.  We  may  go  through  the  several  great  groups 
of  organisms,  with  the  view  of  reaching,  by  comparison 
of  parts,  certain  general  truths  respecting  the  homologies, 
the  forms,  and  the  relations  of  their  parts ;  and  then,  having 
dealt  with  the  phenomena  inductively,  may  retrace  our  steps 
with  the  view  of  deductively  interpreting  the  general  truths 
reached.  Or,  instead  of  thus  separating  the  two  inves- 
tigations, we  may  cany  them  on  hand  in  hand — ^first 
estabHshing  each  general  truth  empirically,  and  then  pro- 
ceeding to  the  rationale  of  it.  This  last  method  will,  I 
think,  conduce  to  both  brevity  and  clearness.  Let  us  now 
thus  deal  with  the  first  class  of  morphological  problems. 


1 


CHAPTER  IL 

THE  HOEPHOLOGICAL  COMPOSITION  OF  PLANTS. 

§  180.  Evolution  implies  insensible  modifications  and 
gradual  transitions,  which  render  definition  difficult — ^which 
iQoke  it  impossible  to  separate  absolutely  the  phases  of  or- 
ganization from  one  another.  And  this  indefiniteness  of 
distinction,  to  be  expected  h  priori^  we  are  compelled  to  re* 
cognize  A  posteriori,  the  moment  we  begin  to  group  morpho- 
logical phenomena  into  general  propositions.  Thus,  on  in- 
quiring what  is  the  morphological  unit,  whether  of  plants  or 
of  animals,  we  find  that  the  icusts  refuse  to  be  included  in  any 
rigid  formula.  The  doctrine  that  all  organisms  are  built  up 
of  cells,  or  that  cells  are  the  elements  out  of  which  every 
tissue  is  developed,  is  but  approximately  true.  There  are 
living  forms  of  which  cellular  structure  cannot  be  asserted ; 
and  in  living  forms  that  are  for  the  most  part  cellular,  there 
are  nevertheless  certain  portions  which  are  not  produced  by 
the  metamorphosis  of  cells.  Supposing  that  clay  were  the  only 
material  available  for  building,  the  proposition  that  all  houses 
are  built  of  bricks,  would  bear  about  the  same  relation  to  the 
truth,  as  does  the  proposition  that  all  organisms  are  composed 
of  cells.  This  generalization  respecting  houses  would  be 
open  to  two  criticisms :  first,  that  certain  houses  of  a  primi- 
tive kind  are  formed,  not  out  of  bricks,  buil^ut  q^.unmoulded 
clay ;  and  second,  that  though  other  houses  consist  mainly  of 
bricks,  yet  their  chimney-pots,  drain-pipes,  and  ridge-tilcs 


THB  MOBPHOLOGICAL  00MP08ITI0N  OF  PLANTS.  11 

do  not  result  from  combination  or  metamorphosis  of  bricks, 
but  are  made  directly  out  of  the  original  clay.  And  of  liko 
natures  ore  the  criticisms  which  must  be  passed  on  the 
generalization,  that  cells  are  the  morphological  units  of  or- 
ganisms. To  continue  the  simile,  the  truth  turns  out  to 
be,  that  the  primitiye  chiy  or  protopLism  out  of  which 
organisms  are  built,  may  be  moulded  either  directly,  or 
with  various  degrees  of  indirectness,  into  organic  struc- 
'  tures.  The  physiological  units  which  we  are  obliged  to  as- 
sume as  the  components  of  this  protoplasm,  must,  as  we  have 
seen,  be  the  possessors  of  those  complex  polarities  which  re- 
sult in  the  structural  arrangements  of  the  organism.  The 
assumption  of  such  structural  arrangements  may  go  on,  and, 
in  many  cases,  docs  go  on,  by  the  shortest  route ;  without  the 
passage  through  what  we  coll  metamorphoses.  But  where 
such  structural  arrangements  are  reached  by  a  circuitous 
route,  the  first  stage  is  the  formation  of  these  small  aggre- 
gates, whidi,  under  the  name  of  cells,  are  currently  regarded 
as  morphological  units. 

The  rationale  of  these  truths  appears  to  be  furnished  by  the 
hypothesis  of  evolution.  We  set  out  with  molecules  one 
d^;ree  higher  in  complexity  ihim  those  molecules  of  nitro- 
genous ooUoidal  substance  into  which  organic  matter  is 
resolvable ;  and  we  regard  these  somewhat  more  complex  mo- 
lecules as  having  the  implied  greater  instability,  greater  sen- 
aitiveness  to  surrounding  influences,  and  consequent  greater 
mobility  of  &nn.  Such  being  the  primitive  physiological 
units,  organic  evcdution  must  begin  with  the  formation  of  a 
minute  aggregate  of  them — an  aggregate  showing  vitality 
only  by  a  higher  di^ree  of  that  readiness  to  change  its  form 
of  aggr^ation,  which  colloidal  matter  in  general  displays ; 
and  by  its  ability  to  unite  the  nitrogenous  molecules  it  meets 
with,  into  complex  molecules  like  those  of  which  it  is  com- 
posed. Obviously,  the  earliest  fiffins  must  have  been  minute; 
■inoe,  in  the  absence  of  any  but  diflused  organic  matter,  no 
form  but  a  minute  one  could  find  nutriment.  Obviously,  too, 
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it  must  have  been,  structurelesss ;  smce,  as  differentiations  are 
producible  only  by  the  nnlike  actions  of  incident  forces,  there 
could  have  been  no  differentiations  before  such  forces  had  had 
time  to  work.  Hence,  distinctions  of  parts  like  those  required 
to  constitute  a  cell,  were  necessarily  absent  at  first  And  we 
need  not  therefore  be  surprised  to  find,  as  we  do  find,  specks 
of  protoplaBm  numifesting  life,  and  yet  Aowing  no  ngn.  of 
organization.  A  further  stage   of   evolution  is 

reached,  when  the  very  imperfectly  integrated  molecules  form- 
ing one  of  these  minute  aggregates,  become  more  coherent ; 
at  the  same  time  as  they  pass  into  a  state  of  heterogeneity, 
gradually  increasing  in  its  definiteness.  That  is  to  say,  we 
may  look  for  the  assumption  by  them,  of  some  distinctions  of 
parts,  such  as  we  find  in  cells,  and  in  what  are  called  uni- 
cellular organisms.  They  cannot  retain  their  primordial  uni- 
formity ;  and  while  in  a  few  cases  they  may  depart  from  it 
but  slightiy,  they  will,  in  the  great  majority  of  cases,  acquire 
a  very  decided  multiformity — ^there  will  result  the  compara- 
tively integrated  and  comparatively  differentiated  Protqphyta 
and  Protozoa.  The  production  of  minute  aggregates 

of  physiological  units,  being  the  first  step ;  and  the  passage  of 
such  minute  aggregates  into  more  consolidated  and  more 
complex  forms,  being  the  second  step ;  it  must  naturally  hap- 
pen that  all  higher  organic  types,  subsequentiy  arising  by 
further  integrations  and  differentiations,  will  everywhere  bemr 
the  impress  of  this  earliest  phase  of  evolution.  From  the 
law  of  heredity,  considered  as  extending  to  the  entire  succes- 
sion of  living  things  during  the  Earth's  past  history,  it 
follows,  that  since  the  formation  of  these  small,  simple  organ- 
isms, must  have  preceded  the  formation,  of  larger  and  more 
complex  organisms,  the  larger  and  more  complex  organisms 
must  inherit  their  essential  characters.  We  may  anticipate 
that  the  multiplication  and  combination  of  these  minute 
aggregates  or  cells^  will  be  conspicuous  in  the  early  devebp- 
mental  stages  of  plants  and  animals ;  and  that  through- 
'  out  all  subsequent  stages,  cell-production  and  cdl-differcn* 
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tiation  will  be  dominant  characteristics.  The  physiological 
units  peculiar  to  each  higher  species,  will,  speaking  generally, 
pass  through  this  form  of  aggregation  on  their  way  towards 
the  final  omngement  they  ore  to  asaume;  because  those 
primordial  physiological  units  from  which  they  are  remotely 
descended,  aggregated  into  this  form.  And  yet,  just  as  in 
other  cases  we  found  reasons  for  inferring  (§  131),  that  the 
traits  of  ancestral  organization  may,  under  certain  conditions, 
be  partially  or  wholly  obliterated,  and  the  ultimate  structure 
assumed  without  passing  through  them ;  so,  here,  it  is  to  be 
iAfcrred  that  the  process  of  cell-formation  may,  in  some  cases, 
bo  passed  oyer.  Thus  the  hypothesis  of  evolution 

prepares  us  for  those  two  radical  modifications  of  the  cell- 
doctrine,  which  the  facts  oblige  us  to  moke.  It  leads  us  to 
expect  that  as  structureless  portions  of  protoplasm  must  have 
preceded  ceUs  in  the  process  of  general  evolution ;  so,  in  the 
special  evolution  of  each  higher  organism,  there  will  be 
on  habitual  production  of  cells  out  of  structureless  blastema. 
And  it  leads  us  to  expect  that  though,  generally,  the  physiolo- 
gical units  composing  a  structureless  blastema,  will  display 
their  inherited  proclivities  by  cell-development  and  meta- 
morphosis ;  there  will  nevertheless  occur  cases  in  which  the 
tissue  to  be  formed,  ia  formed  bv  direct  transformation  of  the 
blastema. 

Interpreting  the  facts  in  this  manner,  we  may  recognize 
that  large  amount  of  truth  which  the  cell-doctrine  contains, 
without  committing  ourselves  to  the  errors  involved  by  the 
sweeping  assertion  of  it.  We  are  enabled  to  imderstond  huW 
it  happens  that  organic  structures  are  usually  cellular  in  their 
composition,  at  the  same  time  that  they  are  not  universally 
so.  We  are  shown  that  while  we  may  properly  continue  to 
regard  the  cell  as  the  morphological  unit,  we  must  constantly 
bear  in  mind  that  it  is  such,  only  in  a  greatly-qualified  sense.* 

*  Let  mo  here  refer  thoee  wbo  are  interofted  in  this  question,  to  FMf.  Htix- 
ley's  eritioism  on  the  oell^doctrine,  published  in  the  MedicO'Chintrgicai 
in  18o3. 
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simulating  a  perfect  plantj  with  root,  stem,  bud,  and  fruit, 
all  produced  by  the  branching  of  a  single  celL  And 
among  fungi,  the  genus  JBotrt/tis,  Fig.  6,  furnishes  an  illus- 
tration of  allied  kind.  Here,  though  the  size  attained  is 
much  greater  than  that  of  many  orgamsms  which  are  mor- 
phologically compound,  we  are  compelled  to  consider  the 
morphological  composition  as  simple ;  since  the  whole  can  no 
more  be  separated  into  minor  wholes,  than  can  the  branched 
vascular  system  of  an  animal.  In  these  cases,  we  hayo  con- 
siderable bulk  attained,  not  by  a  number  of  aggregates  of 
the  first  order  being  united  into  an  aggregate  of  the  second 
order ;  but  by  the  continuous  growth  of  an  aggregate  of  the 
first  order. 

§  182.  The  transition  to  higher  forms  begins  in  a  very 
unobtrusive  manner.  Among  these  aggregates  of'  the  first 
order,  an  approach  towards  that  union  by  which  aggregates 
of  the  second  order  are  produced,  is  indicated  by  mere  juxta- 
position. Protophytes  multiply  rapidly;  and  their  rapid 
multiplication  sometimes  causes  crowding.  When,  instead 
of  floating  free  in  the  water,  they  form  a  thin  film  on  a  moist 
.surface,  or  are  imbedded  in  a  common  matrix  of  mucus  ;  the 
mechanical  obstacles  to  dispersion  result  in  a  kind  of  feeble 
integration,  vaguely  shadowing  forth  a  combined  group. 
Somewhat  more  definite  combination  is  shown  us  by  such 
plants  as  PalmeUa  boiryoides.  Here  the  members  of  a  family 
of  cells,  arising  by  the  spontaneous  fission  of  a  parent-cell, 
remain  united  by  slender  threads  of  that  jelly-like  substance 
which  envelops  their  surfaces.  In  some  Diaiomaeea,  several 
indiyiduals,  instead  of  completely  separating,  hold  together 
by  their  angles ;  and  in  other  Diatamaeea,  as  the  Baeillaria, 
a  variable  number  of  units  cohere  so  slightly,  that  they  aro 
continually  moving  in  relation  to  one  another. 

This  fonnation  of  aggregates  of  the  second  order,  faintly 
indicated  in  feeble  and  variable  unions  like  the  above,  may 
^traced  through  phases  of  ]]^[TeBmng  permanence  a^ 
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finitenesSy  as  well  as  increasing  extent.  In  the  jeast-plont. 
Fig.  7,  we  have  cells  wHich  may  exist  nngly,  or  joined  into 
groups  of  seyeral ;  and  wluch  hare  their  sliapes  scarcely  at 
all  modified  by  their  connexion.  Among  the  DesmidiaeeiB,  it 
happens  in  many  cases,  that  the  two  individuals  produced  by 
division  of  a  parent-individual,  part  as  soon  as  they  are  fully 
formed ;  but  in  other  cases,  instead  of  parting  they  compose 
,a  group  of  two.  Allied  kinds  show  us  how,  by  subsequent 
fissions  of  the  adherent  individuals  and  their  progeny,  there 
result  longer  groups ;  and  in  some  species,  a  continuous  thread 
of  them  is  thus  produced.    Figs.  8, 9, 10, 11,  exhibit  these 
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several  stages.  Instead  of  linear  aggregation,  some  of  the 
DesnUdiaeem  illustrate  central  aggregation;  as  shown  in 
Figs.  12,  13,  14,  15.  Other  instances  of  central  aggrega- 
tion are  furnished  by  such  protophytes  as  the  Gonium  pector- 
ale,  Fig.  16  (a  being  the  front  view,  and  b  the  edge  view), 
and  the  Sarcina  vcntrieuli,  Fig.  17.  Further,  we  have  that 
spherical  mode  of  aggregation  of  which  the  Vokoz  ghhaior 
furnishes  a  familiar  instaiice. 

^  Thus  far,  however,  the  individuality  of  the  secondary  ag- 
gregate is  feebly  pronounced :  not  simply  in  the  sense  that 
it  is  small ;  but  also  in  the  sense  that  the  individualities  of  the 
primary  aggregates  are  very  little  subordinated.  But  on 
seeking  furdier,  we  find  transitions  towards  forms  in  which 
the  compound  individuality  is  more  dominant,  while  the  sim- 
ple individualities  are  more  obscured.  Obscuration 
of  one  kind,  accompanies  mere  increase  of  size  in  the  second- 
-^gregote:  in  propor^;jj^'*  ^^-i  greater  number  of  the 
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morphological  imita  lield  together  in  one  moss,  hecomes  their 
relative  insignificance  as  individuals.  We  see  this  in  the 
irregularly-spreading  lichens  that  form  patches  on  xocks; 
and  in  such  creeping  fungi  as  grow  in  films  or  lanunsD  on 
decaying  wood  and  the  bark  of  trees.  In  these  cases,  how- 
ever, the  integration  of  the  component  cells  is  of  an  almost 
mechanical  kind.  The  aggregate  of  them  is  scarcely  more 
individuated  than  a  lump  of  inorganic  matter :  as  witness  the 
way  in  which  the  lichen  extends  its  curved  edges  in  this  or 
that  direction,  as  the  surface  favours ;  or  the  way  in  which 
the  fungus  grows  roimd  and  imbeds  the  shoots  and  leaves  that 
lie  in  its  way,  just  as  so  much  plastic  clay  might  do.  Though 
here,  in  the  augmentation  of  mass,  we  see  a  progress  towards 
the  evolution  of  a  higher  type ;  we  have  as  yet  none  of  that 
definiteness  required  to  constitute  a  compound  unit,  or  true 
aggregate  of  the  second  order.  Another  kind  of 

obscuration  of  the  morphological  miits,  is  brought  about  by 
their  more  complete  coalescence  into  the  form  of  some  struc- 
ture made  by  their  union.  This  is  well  exemplified  among 
the  ConferviSt  and  their  allies.     In  Fig,  18,  there  are  re- 


presented the  stages  of  a  growing  Mougeotia  genuflexa^  in 

which  this  merging  of  the  simple  individualities  into  the 

compound  individuality,  is  shown  in  the  history  of  a  single 

plant ;  and  in  Figs.  19, 20,  21, 22,  23,  are  represented  a  series 

of  species  from  this  group,  and  that  of  Cladophara^  in  which 

we  see  a  progressing  integration.    While  in  the  lower  types, 

the  primitive  spheroidal  forms  of  the  cells  are  scarcely 
Vol.  II.  2 
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altered';  in  the  higher  types,  the  cells  ore  so  fascd  together 
as  to  constitute  cylinders  divided  by  septa.  Here,  how^- 
ever,  the  indefiniteness  is  still  great :  there  are  no  specific 
limits  to  the  length  of  any  thread  thus  produced  ;  and  none 
of  that  differentiation  of  parts  required  to  give  a  decided  in- 
dividuality to  the  whole. 

To  constitute  something  like  a  true  aggregate  of  the 
second  order,  capable  of  serving  as  a  compound  unit,  that 
may  bo  combined  with  others  like  itself  into  still  higher 
Aggregately  there  must  exist  both  moss  and  definiteness. 
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§  183.  An  approach  towards  plants  which  unite  these  cha- 
racters, may  be  traced  in  such  forms  as  Bangia  ciliaris, 
Fig.  24.     The  multiplication  of  cells  here  takes  place,  not  in 

a  longitudinal  direction  only,  but  also  in  a 
transverse  direction;  and  the  transverse 
multiplication  being  greater  towards  the 
middle  of  the  frond,  there  results  a  differ- 
ence between  the  middle  and  the  two  ex- 
tremities— a  character  which,  in  a  feeble 
way,  unites  all  the  ports  into  a  whole.  Even 
this  slight  individuation  is,  however,  very 
indefinitely  marked;  since,  as  shown  by 
the  figures,  the  lateral  multiplication  of  cells 
does  not  go  on  in  a  precise  manner. 

From  some  such  tjrpe  as  this  there  appear 
to  arise,  by  slight  differences  in  the  modes  of 
growth,  two  closely-allied  groups  of  plants, 
pi  S  M  ^^S  individualities  somewhat  more  pro- 
nounced. If,  while  the  cells  multiply  lon- 
gitudinally, their  lateral  multiplication  goes  on  in  one  direc- 
tion only,  there  results  a  flat  surface,  as  in  Xllta  iima,  Fig. 
25  ;  or  where  the  lateral  multiplication  is  less  uniform  in  its 
rate,  in  types  like  Fig.  26.  But  where  the  lateral  multipli- 
cation occurs  in  two  directions  transverse  to  one  another, 
a  hollow  frond  may  be  produced — sometimes  irregalarly 
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koUy.  Still  further  pronounced  becomes  the  compound 
individuality!  when,  while  the  component  cells  of  the 
branches  um'te  completely  into  jointed  cylinders,  the  com- 
ponent cells  of  the  stem  begin  to  midtiply  laterally,  so  as  to 
form  an  axis  distinguished  by  its  relative  thickness  and  com- 
plexity. Such  types  of  structures  are  indicated  by  Figs.  32, 
33 — figures  representing  small  portions  of  plants  which  are 
quite  tree-like  in  their  entire  outlines.  On  examining 
Figs.  34,  35,  36,  which  show  the  structures  of  the  stems  in 
these  types,  it  will  be  seen,  too,  that  the  component  cells  in 
becoming  more  coherent,  have  undergone  changes  of  form 
which  obscure  their  individualities  more  than  before :  not 
only  are  they  much  elongated,  but  they  are  so  compressed  as 
to  be  prismatic  rather  than  cylindrical.  This  structure,  be- 
sides displajring  integration  of  the  morphological  units  car- 
ried on  in  two  directions  instead  of  one;  and  besides  displaying 
this  higher  integration  in  the  greater  merging  of  the  indi- 
vidualities of  the  morphological  xmits  in  the  general  individu- 
ality ;  also  displays  it  in  the  more  pronoimced  subordination 
of  the  branches  and  branchlets  to  the  main  stem*  This  di£fer- 
entiation  and  consolidation  of  the  stem,  brings  all  the  second- 
ary growths  into  more  marked  dependence ;  and  so  renders 
the  individuality  of  the  aggregate  more  decided. 

We  might  not  inappropriately  call  this  type  of  structure 
psend-axiaL  It  simulates  that  of  the  higher  plants  in  cer- 
tain leading  characters.  We  see  in  it  a  primary  axis  along 
which  development  may  continue  indefinitely,  and  from 
which  there  bud  out,  laterally,  secondary  axes  of  like  na- 
ture, bearing  like  tertiary  axes ;  and  this  is  the  mode  of 
growth  with  which  Phssnogams  make  us  familiar.  But  the 
resemblance  goes  no  further ;  for  these  pseud-axes  are  devoid 
of  those  lateral  appendages — ^those  leaves  or  foliar  organs — 
which  true  axes  bear,  and  the  bearing  of  which  ordinarily 
constitutes  them  true  axes. 

§  185.  Some  of  the  larger  Algce  supply  examples  of  an 
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izxtegratioii  still  more  odyanced:  not  simply  inasmucli  oa 
they  imite  mucli  greater  numbers  of  morphological  units 
into  continuous  masses;  but  also  inasmucli  as  they  com- 
bine the  pseudo-foliar  structure  with  the  pseud-oxial  struc* 
turc.  Our  own  shores  furnish  an  instance  of  this  in  the 
common  Laminaria ;  and  certain  gigantic  Fud  of  the 
Antartic  seas,  supply  yet  better  instances.  In  some  of 
these,  the  germ  develops  a  yery  long  slender  stem,  which 
eventually  expands  into  a  large  bladder-like  or  cylindrical 
air-vessel;  and  from  the  surface  of  this  there  grow  out 
numerous  leaf-shaped  expansions.  Another  kind,  Lcssonia 
fttscescoia.  Fig.  37,  shows  us  a  massive  stem  growing  up 

through  water  many  feet  deep — a  stem  which, 
bifurcating  as  it  approaches  the  surface,  flat- 
tens out  the  ends  of  its  subdivisions  into  fronds 
like  ribands.  These,  however,  ore  not  truo 
foliar  appendages,  since  they  are  merely  ex- 
panded continuations  of  the  stem.  The  whole 
jdont,  great  as  is  its  size,  and  made  up  though 
it  seems  to  be  of  many  groups  of  mor- 
phological units,  united  into  a  compound 
group  by  their  marked  subordination  to  a 
connecting  mass,  is  nevertheless  a  single 
thalluc.  The  aggregate  is  still  on  aggregate 
of  the  second  order. 
But  among  certain  of  the  highest  Algw,  we  do  find  some- 
thing more  than  this  union  of  the  pseud-axial  with  the 
pseudo-foliar  structure.  In  addition  to  pseud-axes  of 
comparative  complexity;  and  in*  addition  to  pseudo-folia 
that  are  like  leaves,  not  only  in  their  general  shapes,  but 
in  having  mid-ribs  and  even  veins;  there  are  the  be- 
ginnings of  a  higher  stage  of  integration.  Figs.  38,  39, 
and  40,  show  some  of  the  steps.  In  Rhodymenia  palmata. 
Fig.  38,  the  parent-irond  is  comparatively  irregular  in  shape, 
and  without  a  mid-rib ;  and  along  with  this  very  imperfect 
integration,  we  see  that  the  secondary  fronds  growing  from 


5   B  courosmox  or  plahts.        38 


much  at  random,  and  ore  by 
Eapea.  A  conaiderable  odTsnce  u 
hibent,  Fig.  39.  Hera  the  fWmd, 
taxy,  betrays  some  approncli  to- 
jpi  and  oize ;  hy  whicb,  as  also  by 
Etib,  there  is  established  n  more 
Bit  the  same  time,  the  groirth  of 
frer  occora  anywhere  on  the  edge, 
treat  frond,  bnt  from  the  anrface 
Sa  Kmfjuinea,  Fig.  40,  illnatrntes 
Fgement  of  the  same  kind.  The 
fgukriy  shaped,  have  their  parts 
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the  Sarga88um,  or  common  gulf-weod,  this  tertiary  degree  of 
compositioii  is  far  more  completely  displayed,  so  as  to  pro- 
duce among  Thollogens  a  type  of  structure  closely  simulating 
that  of  the  higher  plants,  let  us  now  pass  to  the  considera- 
tion of  these  higher  plants. 

§  186.  Having  the  surface  of  the  soil  for  a  support  and  the 
air  for  a  medium,  terrestrial  plants  are  mechanically  circum- 
stanced in  a  manner  widely  different  from  that  in  which 
aquatic  plants  are  circumstanced.  Instead  of  being  buoyed 
up  by  a  surrounding  fluid  of  specific  gravity  equal  to  their 
own,  they  have  to  erect  themselves  into  a  rare  fluid  which 
yields  no  appreciable  support.  Further,  they  are  dis- 
similarly conditioned  in  having  two  sources  of  nutriment  in 
place  of  one.  Unlike  the  Algof,  which  derive  aU  the  mate- 
rials for  their  tissues  from  the  water  bathing  their  entire 
surfEices,  and  use  their  roots  only  for  attachment ;  most  of  the 
plants  which  cover  the  Earth's  surface,  absorb  part  of  their 
food  through  their  imbedded  roots  and  part  through  their 
exposed  leaves.  These  two  marked  unlikenesses  in  the  rela- 
tions to  surrounding  conditions^  profoundly  affect  the  respec- 
tive modes  of  growth.  We  must  duly  bear  them  in  mind 
while  studying  the  further  advance  of  composition. 

The  class  of  plants  to  which  we  now  turn — ^that  of  Acrogcns 
— ^is  nearly  related  by  its  lower  members  to  the  classes  above 
dealt  with  :  so  much  so,  that  some  of  the  inferior  liverworts 
are  quite  licheniform,  and  are  often  mistaken  for  lichens. 
Passing  over  these,  let  us  recommence  our  analysis  with  such 
members  of  the  class,  as  repeat  those  indications  of  progress 
towards  a  higher  composition,  which  we  have  just  observed 
among  the  more-developed  Afyof.  The  JungertnanniacecB 
furnish  us  with  a  series  of  tjrpes,  clearly  indicating  the  transi- 
tion from  an  aggregate  of  the  second  order  to  an  aggregate 
of  the  third  order.  Figs.  41,  and  42,  indicate  the  structure 
among  the  lowest  of  this  group.  Here  there  is  but  an  incom- 
plete development  of  the  second  order  of  aggregate.    Tho 
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frond  grows  as  irregularly  as  the  thallus  of  a  liclien :  it  is  in- 
definite in  size  and  outline,  spreading  liither  or  thither  as  the 
conditions  favoiur.    Moreorer,  it  lacks  the  differentiations  re' 


quired  to  subordinate  Its  parts  to  the  whole :  it  is  uniformly 
cellular,  having  neither  mid-rib  nor  veins ;  and  it  puts  out 
rootlets  indifferently  from  all  parts  of  its  under-surface.  In 
Fig  43,  Jungcrniannia  cpiphylla^  we  have  an  advance  on  this 
type.  There  is  here,  as  shown  in  the  transverse  section,  Fig. 
44,  a  thickening  of  the  frond  along  its  central  portion,  pro- 
ducing something  Uke  an  approach  towards  a  mid-rib ;  and 
from  this  the  rootlets  are  chiefly  given  off.  The  outline,  too, 
is  much  less  irregular ;  whence  results  greater  distinctness 
of  the  individuality.  A  further  step  is  displayed  in  Junger-^ 
mannia  furcata^  Fig.  45.  The  frond  of  this  plant,  compara- 
tively well  integrated  by  the  distribution  of  its  substance 
-  around  a  decided  mid-rib,  and  by  its  comparatively-definite 
outlines,  produces  secondary  fronds — there  is  what  is  called 
proliferous  growth  ;  and,  occasionally,  as  shown  in  Fig.  46, 
representing  an  enlarged  portion,  the  growth  is  doubly-pro- 
liferous. In  these  cases,  however,  the  tertiary  aggregate,  so 
for  as  it  is  formed,  is  but  very  feebly  integrated ;  and  its  in- 
tegration is  but  temporary.  For  not  only  do  these  younger 
fronds  that  bud  out  from  the  mid-ribs  of  dder  fronds,  develop 
rootlets  of  their  own ;  but  as  soon  as  they  are  well  grown  and 
adequately  rooted,  they  dissolve  their  connexions  with  the 
parent-fronds,  and  become  quite  independent.  From 

these  transitional  forms  we  pass,  in  the  higher  Jungerman* 
niaceof,  to  forms  composed  of  many  fronds  that  are  peiman- 
ently  united  by  a  continuous  stem.    A  more-developed  ag- 
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see  here  among  compound  aggregateSi  as  vre  saw  thero 
among  simple  aggregates,  the  establishment  of  a  speciiio 
form,  and  a  size  that  falls  within  moderate  limits  of  varia- 
tion. This  passage  from  less  definite  extension  to  more  do- 
finite  extension,  seems  in  the  one  case,  as  the  other,  to  bo  ac- 
companied by  the  result,  that  growth  exceeding  a  certain 
rate,  ends  in  the  formation  of  a  new  aggregate,  rather  than 
an  enlargement  of  the  old.  And  on  the  higher  stage,  as  on 
the  lower,  this  process,  irregularly  carried  out  in  the  simpler 
types,  produces  in  them  unions  that  are  but  temporary  ;  while 
in  the  more-deTeloped  types,  it  proceeds  in  a  systematic  way, 
and  ends  in  the  production  of  a  permanent  aggregate  that  is 
doubly  compound. 

Must  we  then  conclude,  that  as  cells,  or  morphological 
units,  are  integrated  into  a  unit  of  a  higher  order,  which  wo 
call  a  thallus  or  frond ;  so,  by  the  integration  of  fronds,  there 
is  evolved  a  structure  such  as  the  above-delineated  species 
possess  ?  Whether  this  is  the  interpretation  to  be  given  of 
these  plants,  we  shall  best  see  when  considering  whether  it  is 
the  interpretation  to  be  given  of  plants  that  rank  above  them. 
Thus  far  we  have  dealt  only  with  the  Ciyptogamia*  IVe 
have  now  to  deal  with  the  Phanerogamia  or  Phasnogamia. 
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Rally.  Still  further  pronounced  becomes  the  compound 
individuality,  when,  while  the  component  cells  of  the 
branches  unite  completely  into  jointed  cylinders,  the  com- 
ponent cells  of  the  stem  begin  to  midtiply  laterally,  so  as  to 
form  an  axis  distinguished  by  its  relative  thickness  and  com- 
plexity. Such  types  of  structures  are  indicated  by  Figs.  32, 
33 — figures  representing  small  portions  of  plants  which  are 
quite  tree-like  in  their  entire  outlines.  On  examining 
Figs.  34,  35,  36,  which  show  the  structures  of  the  stems  in 
these  types,  it  will  be  seen,  too,  that  the  component  cells  in 
becoming  more  coherent,  have  undergone  changes  of  form 
which  obscure  their  individimlities  more  than  before :  not 
only  arc  they  much  elongated,  but  they  are  so  compressed  as 
to  be  prismatic  rather  than  cylindricaL  This  structure,  be- 
sides displa3ring  integration  of  the  morphological  units  car- 
ried on  in  two  directions  instead  of  one;  and  besides  displaying 
this  higher  integration  in  the  greater  merg^g  of  the  indi- 
vidualities of  the  morphological  units  in  the  general  individu- 
ality ;  also  displays  it  in  the  more  pronoimced  subordination 
of  the  branches  and  branchlets  to  the  main  stem.  This  differ- 
entiation and  consolidation  of  the  stem,  brings  all  the  second- 
ary growths  into  more  marked  dependence ;  and  so  renders 
the  individuality  of  the  aggregate  more  decided. 

We  might  not  inappropriately  call  this  type  of  structure 
pseud-axiaL  It  simulates  that  of  the  higher  plants  in  cer- 
tain leading  characten.  We  see  in  it  a  primary  axis  along 
which  development  may  continue  indefinitely,  and  from 
which  there  bud  out,  laterally,  secondary  axes  of  like  na- 
ture, bearing  like  tertiary  axes ;  and  this  is  the  mode  of 
growth  with  which  Phssnogams  make  us  familiar.  But  the 
resemblance  goes  no  further ;  for  these  pseud-axes  are  devoid 
of  those  lateral  appendages — ^those  leaves  or  foliar  organs — 
which  true  axes  bear,  and  the  bearing  of  which  ordinarily 
constitutes  them  true  axes. 

i  185.  Some  of  the  larger  Aljce  supply  examples  of  an 
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integration  still  more  advanced:  not  simply  inosmucli  as 
they  unite  mucli  greater  numbers  of  morphological  units 
into  continuous  masses;  but  also  inasmuch  as  they  com- 
bine the  pseudo-foliar  structure  with  the  pseud-axial  struc- 
ture. Our  own  shores  furnish  on  instance  of  this  in  the 
common  Laminaria ;  and  certain  gigantic  Fuci  of  the 
Antartic  seas,  supply  yet  better  instances.  In  some  of 
these,  the  germ  develops  a  very  long  slender  stem,  which 
eventually  expands  into  a  large  bladder-like  or  cylindrical 
air-vessel;  and  from  the  surface  of  this  there  grow  out 
numerous  leaf-shaped  expansions.  Another  kind,  Lcssonia 
fiiacescens.  Fig.  37,  shows  us  a  massive  stem  growing  up 
,,^  through  water  many  feet  deep— a  stem  which, 
bifurcating  as  it  approaches  the  surface,  flat- 
tens out  the  ends  of  its  subdivisions  into  fronds 
like  ribands.  These,  however,  ore  not  truo 
foliar  appendages,  since  they  ore  merely  ex- 
panded continuations  of  the  stem.  The  whole 
plant,  great  as  is  its  size,  and  mode  up  though 
it  seems  to  be  of  many  groups  of  mor- 
phological units,  united  into  a  compound 
group  by  their  marked  subordination  to  a 
connecting  mass,  is  nevertheless  a  single 
thalluc.  The  aggregate  is  still  an  aggregate 
of  the  second  order. 
But  among  certain  of  the  highest  Aiga,  we  do  find  some- 
thing more  than  this  union  of  the  pseud-axial  with  the 
pseudo-foliar  structure.  In  addition  to  pseud-axes  of 
comparative  complexity;  and  in-  addition  to  pseudo-folia 
that  are  like  leaves,  not  only  in  their  general  shapes,  but 
in  having  mid-ribs  and  even  veins;  there  are  the  be- 
ginnings of  a  higher  stage  of  integration.  Hgs.  38,  39, 
and  40,  show  some  of  the  steps.  In  Bhodymenia  palmata. 
Fig.  38,  the  parent-ixond  is  comparatively  irregular  in  shape, 
and  without  a  mid-rib ;  and  along  with  this  very  imperfect 
integration,  we  see  that  the  secondary  fronds  growing  from 
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besides  simulating  the  stem  in  colour  and  texture.  In  the 
petioles  of  large  compound  leaves,  like  those  of  the  com- 
mon IIera4:lcum,  we  still  more  distinctly  see  both  internal 
and  external  approximations  in  character  to  axes.  Nor  arc 
there  wanting  plants  whose  large,  though  simple,  leaves,  arc 
held  out  far  from  the  stems,  by  foot-stalks  that  are,  near  the 
ends,  sometimes  so  like  axes,  that  the  transverse  sections  of 
the  two  are  indistinguishable;  as  instance  the  Calla  Ethioptca. 
One  other  fact  respecting  the  modifications  which  leaves 
undergo,  should  bo  set  down.  Not  only  may  leaf-st^ilks  as- 
sume to  a  great  degree  the  characters  of  stems,  when  they 
have  to  discharge  the  functions  of  stems,  by  supporting  many 
leaves  or  very  large  leaves ;  but  they  may  assume  the  cha- 
racters of  leaves,  when  they  have  to  imdertake  the  functions 
of  leaves.  The  Australian  Acacias  furnish  a  remarkable 
illustration  of  this.  Acacias  elsewhere  found,  bear  pinnate 
leaves ;  but  the  majority  of  those  found  in  Australia,  bear  what 
appear  to  be  simple  leaves.  It  turns  out^  however,  that  these 
are  merely leaf-stiilks  flattened  out  into  foliar  shapes:  the 
laminfo  of  the  leaves  being  undeveloped.  And  the  proof 
is,  that  in  yoimg  plants,  showing  their  kinships  by  their  em* 
bryonic  chai*acters,  these  leaf-like  petioles  bear  true  leaflets  at 
their  ends.  A  metamorphosis  of  like  kind  occurs  in  Oxalia 
btiplcuri/oliaf  Fig.  66.     The  fact  most  deserving  of  notice, 

however,  is,  that  these  leaf- 
Sd  Ill^^.'T-r^  stalks,  in  usurping  the  gene- 

ral aspects  and  functions  of 
leaves,  have  also  usurped  their 
structures :  though  their  ve- 
nation is  not  like  that  of  the  leaves  they  replace,  yet  they 
have  veins,  and  in  some  cases  mid-ribs. 

Beduced  to  their  most  general  expression,  the  truths 
above  shadowed  forth  are  these : — ^That  group  of  morphologi- 
cal units,  or  cells,  which  we  see  integrated  into  the  compound 
unit  called  a  leaf,  has,  in  each  higher  plant,  a  typical  form;  due 
to  the  special  arrangement  of  these  cells  around  a  mid-rib  and 
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Tcins.  If  the  multiplicatioii  of  morphological  units,  at  the 
time  when  the  leaf-bud  is  taking  on  its  main  outlines,  exceeds 
a  certain  limit,  these  units  begin-  to  arrange  themselves  round 
secondoiy  centres,  or  Hues  of  growth,  in  such  ways  as  to  re- 
peat, in  part  or  wholly,  the  typical  form :  the  larger  reins 
become  transformed  into  imperfect  mid-ribs  of  portially  inde- 
pendent leayes ;  or  into  complete  mid-ribs  of  quite  separate 
leaves.  And  as  there  goes  on  this  transition  from  a  single 
aggregate  of  cells  to  a  group  of  such  aggregates,  there  simul- 
taneously arises,  by  similarly-insensible  steps,  a  distinct 
structure  which  supports  the  several  aggregates  thus  pro- 
duced, and  unites  them  into  a  compound  aggregate.  These 
phenomena  should  bo  carefully  studied ;  since  they  give  us  a 
key  to  more  involved  phenomena. 

§  189.  Thus  for  we  havo  dealt  with  leaves  ordinarily  so 
called :  briefly  indicating  the  homologies  between  the  parts  of 
the  simple  and  the  compound.  Let  us  now  turn  to  the  homo- 
logies among  foliar  organs  in  general.  These  have  been 
made  familiar  to  readers  of  natural  history,  by  popularized 
outlines  of ''  The  Metamorphosis  of  Plants  " — a  title,  by  the 
way,  which  is  far  too  extensive ;  since  the  phenomena  treated 
of  under  it,  form  but  a  small  portion  of  those  it  properly  in- 
cludes. 

Passing  over  certain  vague  anticipations  that  have  been 
quoted  from  ancient  writers,  and  noting  only  that  some 
clearer  recognitions  were  reached  by  Joachim  Jung,  a  Ham- 
burg professor,  in  the  middle  of  the  17th  century ;  we  come 
to  the  Tliooria  Oenerationia,  which  Wolif  published  in  1759, 
and  in  which  he  gives  a  definite  form  to  the  conceptions  that 
have  since  become  current.  Specifying  the  views  of  Wolff, 
Dr  Masters  writes, — "After  speaking  of  the  homologous 
nature  of  the  leaves,  the  sepals  and  petals,  an  homology 
oonsequent  on  their  similarity  of  structure  and  identity  of 
origin,  he  goes  on  to  state  that  the  '  pericarp  is  manifestly 
fX>mpo8ed  of  several  leaves;,  as  in  the  calyx,  with  this  differ- 
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ciicc  only,  that  the  leaves  which  are  merely  placed  in  close 
contact  in  the  calyx,  are  hero  united  together ; '  a  view  which 
he  corroborates  by  referring  to  the  manner  in  which  many 
capsules  open  and  separate '  into  their  leaves.'  The  seeds,  too, 
he  looks  upon  as  consisting  of  leaves  in  close  combination.  Ills 
reasons  for  considering  the  petals  and  stamens  as  homologous 
with  leaves,  are  based  upon  the  same  facts  as  those  which  led 
Liimacus,  and,  many  years  afterwards,  Goethe,  to  the  same 
conclusion.  '  In  a  word,'  says  Wolff,  '  we  see  nothing  in 
the  whole  plant,  whose  parts  at  first  sight  differ  so  remark- 
ably from  each  other,  but  leaves  and  stem,  to  which  latter 
the  root  is  referriblc' "  It  appears  that  "Wolff,  too,  enunci- 
ated the  now-accepted  interpretation  of  compound  fruits: 
basing  it  on  the  same  evidence  as  that  since  assigned.  In 
the  essay  of  Goethe,  published  thirty  years  after,  these  rela- 
tions among  the  ports  of  flowering  plants  were  traced  out  in 
greater  detail,  but  not  in  so  radical  a  way ;  for  Goethe  did 
not,  as  did  Wolff,  verify  his  hypothesis  by  dissecting  buds  in 
their  early  stages  of  development.  Gh)ethe  appears  to  have 
arrived  at  his  conclusions  independently.  But  that  they  were 
original  with  him,  and  that  he  gave  a  more  variously-illus- 
trated exposition  of  them  than  had  been  given  by  Wolff, 
does  not  entitle  him  to  anything  beyond  a  secondary  ploco, 
among  those  who  have  established  this  important  generaliza- 
tion. 

Were  it  not  that  these  pages  may  be  read  by  some  to 
whom  Biology,  in  all  its  divisions,  is  a  new  subject  of  study,  it 
would  be  needless  to  name  the  evidence  on  which  this  now- 
familiar  generalization  rests.  For  the  information  of  such 
it  will  suffice  to  say,  that  the  fundamental  kinship  existing 
among  all  the  foliar  organs  of  a  flowering  plant,  is  shown  by 
the  transitional  forms  which  may  be  traced  between  them, 
and  by  the  occasional  assumption  of  one  another's  forms. 
"  Floral  leaves,  or  bracts,  ore  frequently  only  to  be  distin- 
guished from  ordinary  leaves  by  their  position  at  the  base  oi* 
the  flower ;  at  other  times  the  bracts  gradually  assume  more 
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and  more  of  the  appearance  of  the  sepals."  The  sepals,  or 
divisions  of  the  calyx,  are  not  iinlike  undeveloped  leaves: 
sometimes  assuming  quite  the  structures  of  leaves.  In  other 
cases,  they  acquire  partially  or  wholly  the  colours  of  tho 
petals — as,  indeed,  the  bracts  and  uppermost  stem-leaves 
occasionally  do.  Similarly,  tho  petals  show  their  alliances  to 
tho  foliar  organs  lower  down  on  the  axis,  and  to  those  higher 
up  on  the  axis  :  on  the  one  hand,  they  may  develop  into  or- 
dinary leaves  that  are  green  and  veined ;  and,  on  the  other 
hand,  as  so  commonly  seen  in  double  flowers,  they  may  bear 
anthers  on  their  edges.  All  varieties  of  gradation  into 
neighbouring  foliar  organs,  may  be  witnessed  in  stamens. 
Flattened  and  tinted  in  various  degrees,  they  pass  insensibly 
into  petals,  and  through  them  prove  their  homology  with 
leaves ;  into  which,  indeed,  they  are  transformed  in  flowers 
that  become  wholly  foliaceous.  The  style,  too,  is  occasionally 
changed  into  petals  or  into  green  leaflets;  and  even  the 
ovules  are  now  and  then  seen  to  take  on  leaf-like  forms. 
Thus  we  have  clear  evidence  that  in  Phsenogams,  all  the  ap- 
pendages of  the  axis  are  homologues :  they  are  all  modified 
leaves. 

Wolff  established,  and  Goethe  further  illustrated,  another 
general  law  of  structure  in  flowering  plants.  Each  leaf 
commonly  contains  in  its  axil,  a  bud,  similar  in  structure  to 
the  terminal  bud.  This  axillary  bud  may  remain  unde- 
reloped;  or  it  may  develop  into  a  lateral  shoot  like  the 
main  shoot ;  or  it  may  develop  into  a  flower.  If  a  shoot 
bearing  lateral  flowers  be  examined,  it  will  be  found  that  the 
intemode,  or  space  which  separates  each  leaf  with  its  axillary 
flower  from  the  leaf  and  axillary  flower  above  it,  becomes 
gradually  less  towards  the  upper  end  of  the  shoot  In  some 
plants,  as  in  the  fox-glove,  the  intemodes  constituto  a 
reg^ularly-diminishing  series.  In  other  plants,  the  series  they 
form  suddenly  begins  to  diminish  so  rapidly,  as  to  bring  the 
flowers  into  a  short  spike — ^instance  the  common  orchis.  And 
again,  by  a  still  more  sudden  dwarfing  of  the  intemodes,  the 
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flowers  are  brought  into  a  cluster ;  as  ihej  are  in  the  cows- 
lip. On  contemplating  a  cloyer-flower,  in  which  this 
clustering  has  been  carried  so  far  as  to  produce  a  com- 
pact head ;  and  on  considering  what  must  happen  if,  by  a 
further  arrest  of  axial  development,  the  foot*stalks  of  the 
florets  disappear ;  it  will  be  seen  that  there  must  result  a 
crowd  of  flowers,  seated  close  together  on  the  end  of  the  axis. 
And  if,  at  the  same  time,  the  intemodes  of  the  upper  stem* 
leaves  also  remain  undeveloped,  these  stem-leaves  will  be 
grouped  into  a  common  calyx  or  involucre :  we  shall  have  a 
composite  flower,  such  as  the  thistle.  Hence,  to  modifications 
in  the  developments  of  foliar  organs,  have  to  be  added  modi- 
fications in  the  developments  of  axial  organs.  Comparisons 
disclose  the  gradations  through  which  axes,  like  their  append- 
ages, pass  into  all  varieties  of  size,  proportion,  and  structure. 
And  we  learn  that  the  occurrence  of  these  two  kinds  of 
metamorphosis,  in  all  conceivable  degrees  and  combinations, 
furnishes  us  with  a  proximate  interpretation  of  morpho- 
logical composition  in  Phnenogams. 

I  say  a  proximate  interpretation,  because  there  remain 
to  be  solved  certain  deeper  problems ;  one  of  which  at  once 
presents  itself  to  be  dealt  with  imder  the  present  head. 
Leaves,  petals,  stamens,  &c.,  being  shown  to  be  homologous 
foliar  organs;  and  the  part  to  which  they  are  attached, 
proving  to  be  an  indefinitely-extended  axis  of  growth,  or 
axial  organ ;  we  are  met  by  the  questions, — IVhat  is  a  foliar 
organ  P  and  What  is  an  axial  organ  P  The  morphological  com- 
position of  a  Phsenogam  is  undetenmned,  so  long  as  we  can- 
not say  to  what  lower  structures  leaves  and  shoots  are  homo- 
logous ;  and  how  this  integration  of  them  originates.  To 
these  questions  let  us  now  address  ourselves. 

S  190-1.  Already,  in  §  78,  reference  has  been  made  to  tho 
occasional  development  of  foliar  organs  into  axial  organs : 
the  special  case  there  described,  being  that  of  a  fox-glove,  in 
which  some  of  the  sepals  were  replaced  by  flower-buds. 
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Ihe  obserration  of  these  and  some  analogous  monstrosities, 
raising  the  suspicion  that  the  distinction  between  foliar 
3rgdns  and  axial  organs  is  not  absolute,  led  me  to  examine 
into  the  matter ;  and  the  result  has  been  the  deepening  of 
this  suspicion  into  a  conviction.  Part  of  the  evidence  is  given 
in  Appendix  A 

Some  time  after  having  reached  this  convictioni  I  found  on 
looking  into  the  literature  of  the  subject,  that  analogous  ir« 
regularities  have  suggested  to  other  observers,  beliefs  similarly 
at  variance  with  the  current  morphological  creed.  Diffi- 
culties in  satisfactorily  defining  these  two  elements,  have, 
served  to  shake  this  creed  in  some  minds.  To  others, 
the  strange  leaf-like  developments  which  axes  undergo  in 
certain  plants,  have  afforded  reasons  for  doubting  the 
constancy  of  this  distinction  which  vegetal  morphologists 
usually  draw.  And  those  not  otherwise  rendered  sceptical, 
have  been  mode  to  hesitate  by  such  cases  as  that  of  the 
Nepaul-barley ;  in  which  the  glume,  a  foliar  organ,  becomes 
developed  into  an  axis,  and  bears  flowers.  In  his  essay — 
"  Vegetable  Morphology :  its  History  and  Present  Condi- 
tion,''  *  whence  I  have  already  quoted,  Dr  Masters  indicates 
sundiy  of  the  grounds  for  thinking,  that  there  is  no  impassable 
demarcation  between  leaf  and  stem.  Among  other  difficult- 
ies which  meet  us  if  we  assume  that  the  distinction  is  abso- 
lute, he  asks — ''  What  shall  we  say  to  cases  such  as  those 
afforded  by  the  leaves  of  Guarea  and  TrichiUa,  where  the 
leaves  after  a  time  assume  the  condition  of  branches  and  de- 
velop young  leaflets  from  their  free  extremities,  a  process  less 
perfectly  seen  in  some  of  the  pinnate-leaved  kinds  of  Berberi^ 
or  MaAonia^  to  be  found  in  almost  every  shrubbery  P '' 

A  class  of  facts  on  which  it  will  be  desirable  for  us  nere  to 
dwell  a  moment,  before  proceeding  to  deal  with  the  matter 
deductively,  is  presented  by  the  Cactacece,  In  this  remark- 
able group  of  plants,  deviating  in  such  varied  ways  from  the 
ordinary  phamogamic  type,  we  find  many  highly  instructive 

*  See  BrilUh  and  Foreign  Mtdieo-Chirur^ieai  lUvitw  for  January,  1863. 
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modiiicationfl  of  form  and  structure.  By  contemplating  the 
changes  here  displayed  within  the  limits  of  a  single  order 
wo  shull  greatly  widen  our  conception  of  the  possibilities  oi 
metamorphosis  in  the  Tegetal  kingdom,  token  as-  a  whole 
Two  different,  but  similarly-significant,  truths  ore  illustrated 
First,  we  are  shown  how,  of  these  two  components  of  c 
flowering  plant,  commonly  regarded  as  primordially  distin- 
guished, one  may  assume,  throughout  numerous  species,  the 
fimctions,  and  to  a  great  degree  the  appearance,  of  the  other. 
Second,  we  are  shown  how,  in  the  same  individual,  there 
.may  occur  a  re-metamorphosis — the  usurped  function  and 
appearance  being  maintained  in  one  part  of  the  plant,  while 
in  another  part,  there  is  a  return  to  the  ordinary  appearance 
and  function.  We  will  consider  these  two  truths  separ- 
ately. Some  of  the  Eupliorhiaceaef  which  simulate 
Cactuses,  show  us  the  stages  through  which  such  abnormal 
structures  are  arrived  at.  In  Euphorbia  splendens,  the  lateral 
axes  are  considerably  swollen  at  their  distal  ends,  so  as  often 
to  be  club-shaped :  still,  however,  being  covered  with  bark 
of  the  ordinary  colour,  and  stiU  bearing  leaves.  But 
in  kindred  plants,  as  Eupliorhia  nerii/olia,  this  sw'elling  of 
the  lateral  axes  is  carried  to  a  far  greater  extent;  and,  at 
the  same  time,  a  green  colour  and  a  fleshy  consistence  have 
been  acquired :  the  typical  relations  nevertheless  being  still 
shown,  by  the  few  leaves  that -grow  out  of  these  soft  and 
swollen  axes.  In  the  CactaceiB,  which  are  thus  resembled  by 
plants  not  otherwise  allied  to  them,  we  have  indications  of  a 
parallel  transformation.  Some  kinds,  not  commonly  brought 
to  England,  bear  leaves ;  but  in  the  species  most  familiar  to 
us,  the  leaves  are  undeveloped  and  the  axes  assume  their 
functions.  Passing  over  the  many  varieties  of  form  and 
combination  which  these  green  succulent  growths  display,  wo 
have  to  note  that  in  some  genera,  as  in  Phylloeactut,  they 
become  flattened  out  into  foliaceous  shapes,  having  mid-ribs 
and  something  approaching  to  veins.  So  that  here,  and  in 
the  genus  Epiphyllum^  which  has  this  character  still  more 
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marked,  the  plant  appears  to  be  composed  of  fleshy 
leaves  growing  one  upon  another.  And  then,  in  Bhip^alis, 
the  some  ports  are  so  leaf-like  that  an  uncritical  observer 
would  regard  them  as  leaves.  These  which  are  axial  organs 
in  their  homologies,  have  become  foliar  organs  in  their 
analogies.  When,   instead  of  comparing    these 

strangely-modified  axes  in  different  genera  of  Cactuses,  we 
compare  them  in  the  some  individual,  we  meet  with  transform- 
ations no  less  striking.  Where  a  tree-like  form  is  pro- 
duced by  the  growth  of  these  foliaceous  shoots,  one  on  another ; 
and  where,  as  a  consequence,  the  first-formed  of  them  become 
the  main  stem  that  acts  as  support  to  secondary  and  tertiary 
stems;  they  lose  their  green,  succulent  character,  acquire 
bark,  and  become  woody — ^in  resimiing  the  functions  of  axes 
they  resume  the  structures  of  axes,  from  which  they  had  de- 
viated. In  Fig.  71  are  shown  some  of  the  leaf-like  axes  of 
RliipsaiU  rhombea  in  their  young  state ;  while  Fig.  72  repre- 
sents the  oldest  portion  of  the 
some  plant,  in  which  the  foli- 
aceous characters  are  quite 
obliterated,  and  there  has  re- 
sulted an  ordinary  stem-struo« 
ture.  One   further 

fact  is  to  be  noted.  At  the^ 
same  time  that  their  leaf-like  appearances  are  lost,  the 
axes  also  lose  their  separate  individualities.  As  they  become 
stem-like,  they  also  become  integrated ;  and  they  do  this  so 
effectually,  that  their  original  points  of  junction,  at  first  so 
strongly  marked,  are  effaced,  and  a  consolidated  trunk  is 
produced. 

Joined  with  the  facts  previously  specified,  these  facts 
help  us  to  conceive  how,  in  the  evolution  of  flowering  plants 
xn  general,  the  morphological  components  that  were  once 
distinct,  may  become  extremely  disguised.  "We  may  ration- 
ally expect  that  during  so  long  a  course  of  modification, 
much  greater  changes  of  form,  and  much  more  decided  fusions 
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of  parts.  Have  taken  place.  Seeing  how,  in  an  individual 
plant,  tHe  single  leaves  pass  into  compound  leaves,  by  thedevel- 
opment  of  their  veins  into  mid-ribs  while  their  mid-ribs  begin 
to  simulate  axes ;  and  seeing  that  leaves  ordinarily  adhibit- 
ing definitely-limited  deyelopments,  occasionally  produce 
other  leaves  from  their  edges ;  we  are  led  to  suspect  the  pos- 
sibility of  still  greater  changes  in  foliar  organs.  When,  fur- 
ther, we  find  that  within  the  limits  of  one  natural  order, 
petioles  usurp  the  functions  and  appearances  of  leaves,  at  the 
same  time  that  in  other  orders,  as  in  Ruscu$,  lateral  axes  so 
completely  simulate  leaves  that  their  axial  nature  would  never 
have  been  supposed,  did  they  not  bear  flowers  on  their  mid- 
ribs or  edges ;  and  when,  among  Cactuses,  we  perceive  that 
such  metamorphoses  and  re-metamorphoses  take  place  with 
great  fiicility ;  our  suspicion  that  the  morphological  elements 
of  Phsenogams  admit  of  profound  transformations,  is 
deepened.  And  then^  on  discovering  how  fr^uent  are  the 
monstrosities  that  do  not  seem  satisfactorily  explicable  without 
admitting  the  development  of  foliar  organs  into  axial  organs ; 
we  become  ready  to  entertain  the  hypothesis,  that  during  the 
evolution  of  the  phaanogamic  type,  the  distinction  between 
leaves  and  axes  has  arisen  by  degrees. 

With  our  pre-conceptions  loosened  by  such  facts,  and 
carrying  with  us  the  general  idea  which  such  facts  suggest^ 
let  us  now  consider  in  what  way  the  typical  structure  of  a 
flowering  plant  may  be  interpreted. 

§  192.  To  proceed  methodically,  we  must  seek  a  due  to 
the  structures  of  Endogens  and  Exogens,  in  the  structures 
of  those  inferior  plants  that  approach  to  them — ^Acrogens. 
The  various  divisions  of  this  class  present,  along  with  sundry 
characters  which  ally  them  with  Thallogens,  other  charac- 
ters by  which  the  phsenogamic  structure  is  shadowed  forth. 
While  some  of  the  inferior  Hepatica  or  Liverworts,  severally 
consist  of  little  more  than  a  thallus-like  frond ;  among  the 
higher  members  of  this  group,  and  still   more  among  thft 
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TJLoaaea  and  Fems,  we  find  a  distinctly  marked  stem.*  Some 
Acrtigens  have  foliar  expansions  that  are  indefinite  in  their 
forms ;  and  some  have  quite  definitely-shaped  leaves.  Roots 
are  possessed  by  all  the  more  developed  genera  of  the  class ; 
but  there  arc  other  genera,  as  Spliagnum,  which  have  no 
roots.  Here  the  fronds  are  thallus-like,  in  being  formed  of  only 
a  single  layer  of  cells ;  and  there  a  double  layer  gives  them 
a  more  leaf-like  character — a  difiieronce  exhibited  between 
closely-allied  genera  of  one  order,  the  Mosses.  Equally  varied 
are  the  developments  of  the  foliar-organs  in  their  detailed 
structures :  now  being  without  mid-ribs  or  veins ;  now  having 
mid-ribs  but  no  veins ;  now  having  both  mid-ribs  and  veins. 
Where  stem  and  leaves  exist,  their  imperfect  differentiation 
is  shown  by  the  fact,  that  in  many  cases  the  stem  is  covered 
by  an  epidermis  containing  stomata.  Nor  must  we  omit  the 
similarly-significant  circumstance,  that  whereas  in  the  lower 
Acrogens,  the  reproductive  elements  are  immersed  here  and 
there  in  the  thollus-like  frond ;  they  are,  in  the  higher  orders^ 
seated  in  well-specialized  and  quite  distinct  fructifying 
organs,  having  analogies  with  the  flowers  of  Phamogams. 
Thus,  many  fiicts  imply  that  if  the  phsenogamic  type  is  to  be 
analyzed  at  all,  we  must  look  among  the  Acrogens  for  its  mor- 
phological components,  and  the  manner  of  their  integration. 
Already  we  have  seen  among  the  lower  Cryptogamia,  how 

*  SeUeideii,  wlio  ebooMi  to  ngud  as  ta  um,  Uifti  which  Kr  IMuAtff  with 
man  ohriooi  tntfa,  calls  a  raid-rib,  aayi : — **ThtfUt iUm  of  tha  liTarworto  pra- 
aants  maoy  Yariatiaa,  oonaisttii^  fraqaastly  of  oiia  ftopla  Ujn  of  ihiiuwallad 
ecll%  or  it  ashihita  im  iti  azia  tha  dcoMata  of  tha  ordioarjr  atara."  TUa  paaMfa 
azamplifiea  the  wbeSlj  grataitoaa  kypoChcaaa  which  nca  will  aomatinaa  aapooia, 
toaMapahypothaaaathejrdidilLa.  SchlaideB,  with  tha  poaitifaoaai  ehanatariitia 
of  hiffl,  aaanta  the  priaoidial  diatiaetioft  bHwaan  axial  orfua  and  foliar  orgaaa. 
IiithahighcrAciogeoa,haaeaaam«iuIcBiablaata8i.  InthalowarAcrofena,  claarff 
to  them  hf  their  froettfieatioa,  theia  ia  no  atmctnra  haWog  the  ranotaai 
iblaMa  to  sataBB.  Bnt  to  tate  hia  hjpotheaia,  Schleides  calU  that  «'a  flat 
atem,"  which  ia  fcry  obrioiulj  a  atractva  ta  which  ataa  and  leaf  ara  not  difftr* 
entiated.  Ha  ia  the  BMie  to  be  blaned  for  thii  uaphiloiophical  aatnmption,  iloca 
he  ia  ifirilfai  ia  his  ftrietares  on  the  onphilotophical  asfumptiuni  of  other 
a. 
You  IL  * 
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as  they  become  integrated  and  definitely  limited,  a 
acquire  the  habit  of  budding  out  other  aggregates,  on  reach- 
ing  certain  stages  of  growth.  Cells  produce  other  cells 
endogenously  or  exogenously;  and  fronds  give  origin  to 
other  fronds  from  their  edges  or  surfaces.  We  have  seen,  too, 
that  the  new  aggregates  so  produced,  whether  of  the  first 
order  or  the  second  order,  may  either  separate  or  remain 
connected.  Fissiparously-multiplying  ceUs  in  some  cases 
fly  asunder,  while  in  other  cases  they  unite  into  threads  or 
lamims  or  masses ;  and  fronds  originating  proliferously  from 
other  fronds,  sometimes  when  mature  disconnect  themselTcs 
from  their  parents,  and  sometimes  continue  attached  to  them. 
Whether  they  do  or  do  not  part,  is  clearly  determined  by 
their  nutrition.  If  the  conditions  are  such  that  they  can 
severally  thrive  better  by  separating  after  a  certain  develop- 
ment is  reached,  it  will  become  their  habit  then  to  separate ; 
since  natural  selection  will  favour  the  propagation  of  those 
which  separate  most  nearly  at  that  time.  If,  conversely,  it 
profits  the  species  for  the  cells  or  £ronds  to  continue  longer 
attached,  which  it  can  only  do  if  their  growth  and  subse- 
quent powers  of  multiplication  are  thereby  increased ;  it  must 
happen,  through  the  continual  survival  of  the  fittest,  that 
longer  attachment  will  become  an  established  characteristic ; ' 
and  by  persistence  in  this  process,  permanent  attachment 
will  result,  when  permanent  attachment  is  advantageous. 
That  disunion  is  really  a  consequence  of  relative  innu- 
trition, and  union  a  consequence  of  relative  nutrition, 
is  clear,  h  poaieriori.  On  the  one  hand,  the  separation 
^f  the  new  individuals,  whether  in  germs  or  as  developed 
A^greg^^y  ^  ^  decaying  away  of  the  connecting  tissue; 
and  this  implies  that  the  connecting  tissue  has  ceased 
to  perform  its  function  as  a  channel  of  nutriment  On 
the  other  hand,  where,  as  we  see  among  Phnenogams,  there 
is  about  to  take  place  a  separation  of  new  individuals  in 
the  shape  of  germs,  at  the  point  where  the  nutrition  is  the 
lowest,  a  sudden  increase  of  nutrition  will  cause  the  impend- 
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ing  separation  to  be  arrested ;  and  the  fructifying  elements 
will  revert  towards  the  ordinaiy  form,  and  develop  in  con- 
nexion with  the  parent.  Turning  to  the  Acrogens,  wo 
nnd  among  them,  many  indications  of  this  transition  from  dis- 
continuous development  to  continuous  development.   Thus  the 
Liverworts  give  origin  to  new  plants  by  cells  which  they 
throw  off  from  their  surfaces ;  as,  indeed,  we  have  seen  that 
much  higher  plants  do.     ''According  to  Bischoff/'   says 
Schleiden,  "  both  the  cells  of  the  stem  {Jungermannia  biden- 
tata)  and  those  of  the  leaves  (/.  cxsecta)  separate  themselves 
as  propagative  ceUs  from  the  plant,  and  isolated  ceUs  shoot 
out  and  develop  while  still  connected  with  the  parent  plant 
into  small  cellular  bodies  (J.  violacea),  which  separate  from 
the  plant,  and  grow  into  new  plants,  as  in  Mnium  androgyiium 
among  the  Mosses.''  Now  in  the  way  above  explained,  these 
propagative  cells  and  proliferous  buds,  may  continue  de- 
veloping in  connexion  with  the  parent,  to  curious  degrees 
before  separating ;  or  the  buds  which  are  about  to  become 
fructifying  organs,  may  similarly,  under  increased  nutrition, 
develop  into  young  fronds.    As  Sir  W.  Hooker  says  of  the 
male  fructification  in  Jxmgermannia  furcatay — ''  It  has  the  ap- 
pearance of  being  a  yoimg  shoot  or  innovation  (for  in  colour 
and  texture  I  can  perceive  no  difference)  rolled  up  into  a 
spherical  figure."     On  finding  in  this  same  plant,  that  some- 
times the  proliferously-producod  frond,  buds  out  from  itself 
another  frond  before  separating  from  the  parent,  as  shown  in 
Fig.  46 ;  it  becomes  clear  that  this  long-continued  connexion, 
may  readily  pass  into  permanent  connexion.     And  when 
we  see  how,  even  among  Phaenogams,  buds  may  either  detach 
themselves  as  bulbils,  or  remain  attached  and  become  shoots ; 
we  can  scarcely  doubt  that  among  inferior  plants,  less  de- 
finite in  their  modes  of  organization,  such  transitions  must 
continually  occur. 

Let  us  suppose,  then,  that  Fig.  73  is  the  frond  of  some 
primitive  Acrogen,  similar  in  general  characters  to  lunger- 
mannia  epiphylla.  Fig.  43 ;  bearing,  like  it,  the  fructifying  buds 
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on  its  upper  surface,  and  having  a  sligHtly* 
marked  mid-rib  and  rootlets.  Am^  gup* 
pose  that,  as  shown,  a  secondary  frond  is 
proliferously  produced  from  the  mid-rib, 
and  continues  attached  to  it.  Evidently, 
the  ordinary  discontinuous  development, 
^^  con  thus  become  a  continuous  development, 
only  on  condition  that  there  is  an  adequate 
supply,  to  the  secondary  finond,  of  such 
materials  as  are  furnished  by  the  rootlets : 
the  remaining  materials  being  obtainable 
by  itself  from  the  air.  Hence,  that  portion 
of  the  mid-rib  l}ring  between  the  secondary 
frond  and  the  chief  rootlets,  having  its 
function  increased,  will  increase  in  bulk. 
An  additional  consequence  will  be,  a 
greater  concentration  of  the  rootlets — 
there  will  be  extra  g^wth  of  those  which 
are  most  serviceably  placed.  Observe,  next, 
that  the  structure  so  arising,  is  likely  to  be 
maintained.  Such  a  variation  implying, 
^  as  it  does,  circumstances  especially  favour- 
able to  the  growth  of  the  plant,  will  give 
to  the  plant  extra  chances  of  leaving  de- 
scendants ;  since  the  area  of  frond  sup- 
ported by  a  given  area  of  the  soil,  being 
greater  than  in  other  individuals,  there 
may  be  a  greater  production  of  spores.  And  then,  among 
the  more  numerous  descendants  thus  secured  by  it,  the  varia- 
tion will  give  advantages  to  those  in  which  it  recurs.  Such 
a  mode  of  growth  having,  in  this  manner,  become  established, 
let  us  ask  what  is  next  likely  to  result  If  it  becomes  the 
habit  of  the  primary  frond  to  bear  a  secondary  frond  from  its 
mid-rib,  this  secondary  frond,  composed  of  physiological 
units  of  the  same  kind,  will  inherit  the  habit ;  and  supposing 


TIIS  MORPHOIXXSiaU.  COMPOSITION  OF  PLANTS.  CI 

that  the  supply  of  mineral  matters  obtained  hj  the  rootlets 
suffices  for  the  full  development  of  the  secondary  frond,  thcra 
is  a  likelihood  that  the  growth  from  it  of  a  tertiary  frond,  wiU 
become  cm  habitual  characteristic  of  the  variety.  Along  with 
the  establishment  of  such  a  tertiary  frond,  as  shown  in  Fig. 
74,  there  must  arise  a  further  development  of  mid-rib  in  the 
primary  frond,  as  well  as  in  the  secondary  frond — a  develop- 
ment which  must  bring  with  it  a  greater  integration  of  the 
two ;  while,  simultaneously,  extra  growth  will  take  place  in 
such  of  the  rootlets  as  are  most  directly  connected  with  this 
main  channel  of  circulation.  Without  further  explanation  it 
will  be  seen,  on  inspecting  Figs.  75  and  76,  that  there  may 
in  this  manner  result  an  integrated  scries  of  fronds,  placed 
alternately  on  opposite  sides  of  a  connecting  vascular  struc- 
ture. That  this  connecting  vascular  structure  will,  as  shown 
in  the  figures,  become  more  distinct  from  the  foliar  surfaces  as 
these  multiply,  is  no  unwarranted  assumption ;  for  we  have 
seen  in  compound-leaved  plants,  how,  under  analogous  con- 
ditions, mid-ribs  become  developed  into  separate  supporting 
parts,  which  acquire  some  of  the  characters  of  axes  while  as- 
suming  their  functions.  And  now  mark  how  clearly 

the  structure  thus  built  up  by  integration  of  proliferously- 
growing  fronds,  corresponds  with  the  structure  of  the  more- 
developed  JungerrnanniacecB.  Each  of  the  fronds  successively 
produced,  repeating  the  characters  of  its  parent,  will  bear 
roots ;  and  will  bear  them  in  homologous  places,  as  shown. 
Further,  the  united  mid-ribs  having  but  very  little  rigidity, 
will  be  unable  to  maintain  an  erect  position.  Hence  there 
will  result  the  recumbent,  oontinnously-rooted  stem,  which 
these  types  exhibit.  Nay,  the  parallelism  is  more  complete 
than  the  figures  show.  To  avoid  confusion,  the  fronds  thus 
supposed  to  be  progressively  integrated,  have  been  repre- 
sented as  simple.  But,  as  shown  in  Fig.  45,  these  lower 
types  ordinarily  have  fronds  which  divide  dichotomously,  in 
such  way  that  one  division  is  larger  than  the  other ;  and  this 
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is  jast  the  character  of  the  successive  leaves  in  the  higher 
types.  As  shown  in  Fig.  47,  each  leaf  is  usually  composed 
of  two  unequal  lobes. 

A  natural  concomitant  of  the  mode  of  growth  here  de- 
scribed, is,  that  the  stem,  while  it  increases  longitudinally, 
increases  scarcely  at  all  transversely:  hence  the  name 
Acrogcns.  Clearly  the  transverse  development  of  a  stem,  is 
the  correlative,  partly  of  its  function  as  a  channel  of  circula- 
tion, and  partly  of  its  function  as  a  mechanical  support. 
That  an  axis  may  lift  its  attached  leaves  into  the  air,  implies 
thickness  and  solidity  proportionate  to  the  mass  of  such 
leaves ;  and  an  increase  of  its  sap- vessels,  also  proportionate 
to  the  mass  of  such  leaves,  is  necessitated  when  the  roots 
are  all  at  one  end  and  the  leaves  at  the  other.  But  in  the 
generality  of  Acrogens,  these  conditions,  under  which  arises 
the  necessity  for  transverse  growth  of  the  axis,  are  absent, 
wholly  or  in  great  part.  The  stem  habitxuilly  creeps  helorr 
the  surface,  or  lies  prone  upon  the  surface ;  and  where  it 
grows  in  a  vertical  or  inclined  direction,  does  this  by  at- 
taching itself  to  a  Tertical  or  inclined  object.  Moreover, 
throwing  out  rootlets,  as  it  mostly  does,  at  intervals  through- 
out its  length,  it  ia  not  called  upon  in  any  considerable  de- 
gree, to  transfer  nutritive  materials  from  one  of  its  ends  to 
the  other.  Hence  this  peculiarity  which  gives  their  name 
to  the  Acrogens,  is  a  natural  accompaniment  of  the  low 
degree  of  specialization  reached  in  them.  And  that  it  is  an 
incidental  and  not  a  necessary  peculiarity,  is  demonstrated 
by  two  converse  facts.  On  the  one  hand,  in  those  higher 
Acrogens  which,  like  the  tree-ferns,  lift  largo  masses  of 
foliage  into  the  air,  there  is  just  as  decided  a  transverse  ex- 
fpansion.of  the  axis  as  in  Exogens.  On  the  other  hand,  in 
those  Exogens  which,  like  the  common  Dodder,  gain  su; - 
port  and  nutriment  from  the  surfaces  over  which  they  crci'p, 
there  is  no  more  lateral  expansion  of  the  axis  than  is  habit- 
ual among  Acrogens.  Concluding,  as  we  are  thus  fuUy  justi- 
fied in  doing,  that  the  lateral  expansion  acoomponying  longi- 
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tudinal  extension,  wUcli  is  a  general  characteristic  of 
Endogens  and  Exogcns  as  distinguished  from  Acrogens,  is 
nothing  more  than  a  concomitant  of  their  usually-yertical 
growth  ;*  let  us  now  go  on  to  consider  how  vertical  growth 
originates^  and  what  are  the  structural  changes  it  involves. 

§  193.  Plants  dejx^nd  for  their  prosperity  mainly  on  air 
and  light :  they  dwindle  where  they  are  smothered,  and 
thri^xs  where  they  can  expand  their  leaves  into  free  space 
and  sunshine.  Those  kinds  which  assume  prone  j)ositions, 
consequently  labour  imder  disadvantages  in  being  habitually 
interfered  with  by  one  another — they  are  mutually  shaded 
and  mutually  injured.  Such  of  them,  however,  as  happen, 
by  variations  in  mode  of  growth,  to  get  at  all  above  the  rest, 
are  more  likely  to  flourish  and  leave  offspring  than  the  rest. 
That  is  to  say,  natural  selection  will  favour  the  more  upright- 
growing  forms:  individuals  with  structures  that  lift  them 
above  the  rest,  are  the  fittest  for  the  conditions ;  and  by  the 
continual  survival  of  the  fittest,  such  structures  must  become 
established.  There  are  two  essentially-different  ways  in 
which  the  integrated  series  of  fronds  above  described,  may 
be  modified  so  as  to  acquire  the  stiffiiess  needful  for  main- 
taining perpendicularity.  We  will  consider  them  separately. 
A  thin  layer  of  substance  gains  greatly  in  power  of  re- 
sisting a  transverse  strain,  if  it  is  bent  round  so  as  to  form  a 
•  tube — ^witness  the  difference  between  the  pliability  of  a  sheet 
of  paper  when  outspread,  and  the  rigidity  of  the  same  sheet 
of  paper  when  rolled  up.     Engineers  constantly  recognize 

*  I  MA  indabted  to  Dr  Hooker  for  pointing  out  farther  fiiets  snpporting  thia 

.  Tiew.   In  hU  ^rm  AnitLretim^  he  describes  the  genns  Ltitonia  (see  Fig.  37)  and 

,  especially  L,  Mvte,  as  baring  a  mode  of  growth  simnlating  that  of  the  Exogens. 

'^The  tall  rertieal  stem  thickens  aa  it  grows,  by  the  periodical  addition  of  layers 

.  10  its  periphery.    Amoag  lichens,  too,  it  seems  that  there  is  an  analogous  case. 

That  OTeu  Thallogens  shonld  thus,  under  certain  conditions,  present  a  transrersely- 

increasing  axis,  shows  that  there  is  nothing  absolute  in  the  character  which  gives 

the  names  to  the  two  highest  classes  of  plants,  in  contradistinction  to  the  class 

nearest  to  them. 
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become  "  adaate."    That  foliar 

ronic  state,  ore  in  close  contact, 

fact.     It  is  hnbituoUy  ao 

the  calyx.     In  all  campanulato 

And  in  some  tribes  of  plants 

re  therefore  vell-vnrranted  in 

inditions  above  described,  the  suc- 

^,nll,  by  nnion  of  their  remote  edges, 

Ittrigin,  and  afterwords  hig^her  np, 
[  within  another,  and  including  the 
,;    iBnrring  of  the  snccessiTfl  &onds, 
ij    jf  sheaths,  may  be  accompanied  by 
\    ^tiOA.     Supposing  Fig.  81  to  be  a 
!|    >{  a  type  (a  being  the  mid-rib,  nnd 
Jl    ft  frond ;  while  e  i»  a  younger  &ond 
[I    I ithin  it),  there  may  begin  two  di- 
hi    I  fe  leading  to  two  contrasted  etruc- 
h    Wtinnes  to  grow  ont  of  frond,  the 
1 1    t  fontinues  to  be  the  channel  of  circu- 
^    [  uost  fronds  and  the  roots — if,  as  a 
•A    1^  mid-rib,  or  rudimentary  axis,  con- 
"  \    l[aterally ;  there  will  arise  the  series 
I  ivsented  by  the  transverse  sections 
[in  the  production  of  a  solid  axis, 
L^d  by  the  foliar  surface  of  tho 
'  or  sheath.     But  if,  on  tho  other 
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handy  circmnstancea  fayour  a  form  of  plant  wUcli  maintaina 
its  uprightness  at  the  smallest  cost   of  substance— if  the 


vascuLir  bundles  of  each  succeeding  mid-rib^  instead  of  re- 
maining  concentrated,  become  distributed  all  roimd  the  tube 
formed  bj  the  infolded  frond ;  then  the  structure  eventually 
reached,  through  the  transitional  forms  86|  87,  88,  89,  will 
be  a  hollow  cylinder.  And  now  observe  how  tho 

two  structures  thus  produced,  correspond  with  two  kinds 
of  Endogens.  Fig.  90  represents  a  species  of  Dendrcbium, 
in  which  we  see  clearly  how  each  leaf  is  but  a  continuation 
of  the  external  layer  of  a  solid  aads — ^a  sheath  such  as  would 
result  from  the  infolded  edges  of  a  frond  becoming  adnata ; 
and  on  examining  how  the  sheath  of  each  leaf  includes  the 
one  above  it,  and  how  the  successive  sheaths  include  the  sods, 
it  will  be  manifest  that  the  relations  of  parts  are  just  such 
as  exist  in  the  united  series  of  fronds  shown  in  Fig.  79 — the 
successive  nodes  answering  to  the  successive  points  of  origin 
of  the  fronds.  Conversely,  the  stem  of  a  grass.  Fig.  91,  dis- 
plays just  such  relations  of  parts,  as  would  result  from  the  de- 
velopment of  the  type  shown  in  Fig.  79,  if  instead  of  the  mid- 
ribs thickening  into  a  solid  axis,  the  matter  composLog  them 
became  evenly  distributed  round  the  foliar  surfaces,  at  the 
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»ame  time  that  tHe  incurved  edges  of  the  foliar  surfaces 
united.  The  arrangements  of  the  tubular  axis  and  its  ap- 
pendages, thus  resulting,  are  still  more  instructive  than  those 
of  the  solid  axis.  For  vluley  even  more  clearly  than  in  the 
Dendrobiumf  we  see  at  the  point  b,  a  continuity  of  structure 
between  the  substance  of  the  axis  below  the  node,  and  the 
substance  of  the  sheath  above  the  node ;  we  see  that  this 
sheath,  instead  of  having  its  edges  imitod  as  in  Dendrobiuvi, 
has  them  simply  overlapping,  so  as  to  form  an  incomplete 
hollow   cylinder  which  may  be  token  off  and  unrolled; 


flind  we  see  that  were  the  overlappmg  edges  of  this  sheath, 
united  all  the  way  from  the  node  a  to  the  node  b,  it  would 
opnstitute  a  tubular  axis,  like  that  which  precedes  it  or  like 
that  which  it  includes.  And  then,  giving  an  unexpected 
cbnclusiveness  to  the  argument,  it  turns  out  that  in  one 
family  of  grosses,  the  overlapping  edges  of  the  sheaths  do 
^imito  :  thus  furnishing  us  with  a  demonstration  that  tubular 
structures  are  produced  by  the  incurving  and  joining  oi 
foliar  surfiices ;  and  that  so,  lioUow  axes  may  be  inteipreted 
as  obove,  without  making  any  assumption  unwarranted  by 
ioct.  One  further  correspondence  between  the 

typo  thus  ideally  constructed,  and  the  endogenous  type,  must 
be  noted.  If,  as  already  pointed  out,  the  transverse  growth  of 
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an  axis  arises,  when  the  axis  comes  to  be  a  channel  of  eirca« 
lation  between  all  the  roots  at  one  of  its  extremities  and  all 
the  leaves  at  the  other ;  and  if  this  lateral  bulging  must  in- 
crease,  as  fast  as  the  qnantitj  of  foliage  to  be  brought  in 
communication  with  the  roots  increases — especially  if  such 
foliage  has  at  the  same  time  to  be  raised  high  abore  the 
earth's  surface ;  what  must  happen  to  a  plant  constructed  in 
the  maimer  just  described  ?  The  elder  fronds  or  foliar  or- 
gtms,  ensheathing  those  within  them,  as  well  a»  the  incipient 
axis  serving  as  a  bond  of  union,  are  at  first  of  such  circum- 
ference only  as  suffices  to  inclose  these  undeveloped  parts. 
What,  then,  will  take  place  when  the  inclosed  parts  grow — 
when  the  axis  thickens  while  it  elongates  ?  Evidently  tho 
earliest-formed  sheaths,  not  being  large  enough  for  the 
swelling  axis,  must  burst ;  and  evidently  each  of  the  later- 
formed  sheaths  must,  in  its  turn,  do  the  like.  There  must 
residt  a  gradual  exfoliation  of  the  successive  sheaths,  like 
that  indicated  as  beginning  in  the  above  figure  of  Dendro' 
hium;  which,  at  a,  shows  the  bud  of  the  undeveloped  parts 
just  visible  above  the  enwrapping  sheaths,  while  at  b,  and  e, 
it  shows  the  older  sheaths  in  process  of  being  split  open. 
That  is  to  say,  there  must  result  the  mode  of  growth  which 
helps  to  give  the  name  Endogens  to  this  class. 

The  other  way  in  which  an  integrated  series  of  fix)nd^ 
may  acquire  the  rigidity  needful  for  maintaining  an  erect 
position,  has  next  to  be  considered.  If  the  successive  fronds 
do  not  acquire  such  habit  of  curling  as  may  be  taken  ad- 
Vantage  of  by  natural  selection,  so  as  to  produce  the  requisito 
stiffiiess ;  then,  the  only  way  in  which  the  requisite  stiffiicss 
appears  producible,  is  by  the  thickening  and  hardening  of 
the  fused  series  of  mid-ribs.  The  incipient  axis  will  not,  in 
this  case,  be  inclosed  by  the  roUed-up  fronds ;  but  will  con- 
tinue exposed.  Survival  of  the  fittest  will  favour  the  genesis 
of  a  type,  in  which  those  portions  of  the  successive  mid-ribs' 
that  enter  into  the  continuous  bond,  become  more  bulky  than 
the  disengaged  portions  of  the  mid-ribs:  the  individuals 
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wluch  thriye  and*  have  the  best  chances  of  leaying  o£Espring, 
being,  by  the  hypothesis,  indiyiduals  having  axes  stiff 
enough  to  raise  their  foliage  above  that  of  their  follows. 
At  the  same  tinier  under  the  same  influences,  there  mil  tend 
to  result  an  elongation  of  those  portions  of  the  mid-ribs, 
which  become  parts  of  the  incipient  axis ;  seeing  that  it  will 
profit  the  plant  to  have  its  leaves  so  far  removed  irom  one 
another,  as  to  prevent  mutual  interferences.  Hence,  from  the 
recumbent  type,  there  will  evolve,  by  indirect  equilibration, 
(g  167)  such  modifications  as  are  shown  in  Figs.  92,  93,  94 : 


the  first  of  which  is  a  slight  advance  on  the  ideal  type 
represented  in  Fig.  76,  arising  in  the  way  described ;  and 

^e  others  of  which  are  actual  plants— /ttn^ermannia  Hookeri, 
and  /.  decipiens.    Thus  the  higher  Acrogens  show  us  how, 

*  along  with  an  assumption  of  the  upright  attitude,  there  does 
go  on,  as  we  see  there  must  go  on,  a  separation  of  the  leaf- 

'  producing  parts  from  the  root-producing  parts ;  a  greater 
development  of  that  connecting  portion  of  the  successive 
frt>nds,  by  which  they  are  kept  in  communication  with  the 

.  roots,  and  raised  above  the  ground ;  and  a  consequent  in- 
creased differentiation  of  such  connecting  portion  from  the 
parts  attached  to  it.     And  this  lateral  bulging  of  the  axis, 

'  directly  or  indirectly  consequent  on  its  functions  as  a  support 


/ 
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and  a  channely  being  here  unrestrained  by  the  early-formed 
fronds  folded  round  it,  goes  on  without  the  bursting  of  these. 
Hence  arises  a  leading  character  of  what  is  called  exogenous 
growth — a  growth  which  is,,  however,  still  habitually  accom- 
panied by  exfoliation,  in  flakes,  of  the  outermost  layer,  con- 
tinually being  cracked  and  split  by  the  accumulation  of 
layers  within  it.  And  now  if  we  examine  plants 

of  the  exogenous  type,  we  find  among  them  many  displaying 
the  stages  of  this  metamorphosis.  In  Fig.  95,  is  shown  a 
form  in  which  the  continuity  of  the  axis  with  the  mid-rib  of 
the  leaf,  is  manifest — ^a  continuity  that  is  conspicuous  in  the 
common  thistle.  Here  the  foliar  expansion,  running  some 
distance  down  the  axis,  makes  the  included  portion  of  the 


axis  a  part  of  its  mid-rib  ;  just  as  in  the  ideal  types  above 
drawn.    By  the  greater  growth  of  the  intemodes,  which  are 
very  variable,  not  only  in  different  plants  but  in  the  same 
plant,  there  results  a  modification  like  that  delineated  in 
Fig.  96.    And  then,  in  such  forms  as  Fig.  97,  there  is  shown^ 
the  arrangement  that  arises  when,  by  more  rapid  develop- 
ment of  the  proximal  portion  of  the  mid-rib,  the  distal  part  < 
of  the  foliar  surfisu»  is  separated  from  the  part  which  em- 
braces the  axis :  the  wings  of  the  mid-rib  still  serving,  how- 
ever, to  connect  the  two  portions  of  the  foliar  surface.     Such 
a  separation  is,  as  pointed  out  in  §  188,  an  habitual  occur-» 
rcnce ;  and  in  some  compound  leaves,  an  actual  tearing  of  the  . 
inter- veinous  tissue,  is  caused  by  extra  growth  of  the  mid-rib. 
Modifications  like  this,  and  the  further  one  in  Fig.  98,  we 
may  expect  to  bo  established  by  survival  of  the  fittest,  among 
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hose  plants  which  produce  considerable  masses  of  leaves; 
cuce  the  development  of  mid-ribs  into  footstalks,  hj  throw- 
ng  the  leaves  further  away  from  the  axes,  will  diminish  the 
ihading  of  the  leaves,  one  by  another.  And  then,  among 
)lants  of  bushy  growth,  in  which  the  assimilating  surfaces 
)ccome  still  more  liable  to  intercept  one  another's  light, 
latural  selection  will  continue  to  give  an  advantage  to  those 
^hich  carry  their  assimilating  surfaces  at  the  ends  of  the 
petioles,  and  do  not  develop  assimilating  surfaces  close  to 
the  axis,  where  they  are  most  shaded.  Whence  will  result 
X  disappearance  of  the  stipules  and  the  foliar  fringes  of  the 
mid-ribs ;  ending  in  the  production  of  the  ordinary  stalked 
leaf.  Fig.  99,  which  is  characteristic  of  trees.  Meanwhile, 
the  axis  thickens  in  proportion  to  the  number  of  leaves  it 
has  to  carry,  and  to  put  in  communication  with  the  roots  ; 
and  so  there  comes  to  be  a  more  marked  contrast  between  it 
and  the  netioles,  severally  carrying  a  leaf  each."!^ 

§  194.  When,  in  the  course  of  the  process  above  sketched 
out,  there  has  arisen  such  community  of  nutiition  among  the 
fronds  thus  integrated  into  a  series,  that  the  younger  ones 
are  aided  by  materials  which  the  older  ones  have  elaborated ; 
-the  younger  fronds  will  begin  to  show,  at  earlier  and  earlier 
periods  of  development,  the  structures  about  to  originate 
from  them.  Abundant  nutrition  will  abbreviate  the  intervals 
^between  the  successive  prolifications ;  so  that  eventually, 
trhile  each  frond  is  yet  imperfectly  formed,  the  rudiment  of 
the  next  will  begin  to  show  itself.  All  embryology  justifies 
ithis  inference.  The  analogies  it  furnishes  lead  us  to  expect 
jlhat  when  this  serial  arrangement  becomes  organic,  the 
growiiig  part  of  the  series  will  show  the  general  relations  of 

^  Sine*  this  puagnph  was  pat  in  type,  I  hare  obserred  that  in  some  Tarieties 
of  OmtrarU,  as  probablj  in  other  plants,  a  single  indindoal  furnishes  all  these 
forms  of  leaves— all  gradations  between  nnstipalated  leares  on  long  petioles,  and 
leares  that  embrace  the  axis.  It  may  be  added  that  the  distribution  of  these  ra- 
itoos  forms,  is  quite  in  harmony  with  the  rationale  abore  given. 
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become  "  adnate."    That  foliar 

Ibiyonic  state,  on  in  close  contact, 

lor  fact.     It  is  habitually  eo 

the  calyx.     In  all  camponulato 

And  in  some  tribes  of  plants 

ore  therefore  weU-Torronted  in 

I  :      onditiona  above  described,  the  suc- 

01,  by  anion  of  their  remote  edges, 

■igin,  and  afterwards  higher  np, 

(rithin  another,  and  including  the 

luring  of  the  snccessiTe  fronds, 

'  sheaths,  may  be  accompanied  by 

ons.     Sapposing  Fig.  81  to  be  a 

a  type  (a  being  the  mid-rib,  and 

■y      r  &ond ;  while  c  is  a  younger  frond 

thin  it),  there  may  begin  two  di- 

■>  leading  to  two  contrasted  stnic- 

Dtinuee  to  grow  out  of  &ond,  the 

^ntinnes  to  be  the  channel  of  circu- 

tnost  fronds  and  the  roots — if,  as  a 

id  mid-rib,  or  rudimentary  axis,  con- 

Saterally ;  there  will  arise  the  series 

wesented  by  the  transverse  sections 

^m  the  production  of  a  solid  axis, 

pnd  by  the   foliar   surface  of  tho 

r  or  sheath.     But  if,  on  tho  other 
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th*  forthooming  partSi  while  they  are  veiy  small 
iipocializod.    What  will  in  such  case  be  the  appearar. 
OMumod  f   We  thoU  hare  no  diffictdty  in  perceivii.c? 
wUl  be^  if  we  take  a  form  like  that  shown  in  FIl*. 
dwarf  its  several  parts  at  the  some  time  that  wc 
thorn.    Figs.  100, 101, 102,  and  103,  will  show 
and  in  Fig.  104,  which  is  the  bud  of  an  exogcn,  . 
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clear  is  the  morphological  correspondence 
nuUmont  of  a  foliar  organ  beginning  to  takr 
the  almost  formless  rudiment  of  the  next  f 
0  boiug  the  quite-undifierentiatod  part  who* 
of  subsequent  foliar  organs  are  to  arise. 

And  now  we  are  prepared  for  entering 
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'  ^  it  occurs,  must  grow  to  some  extent  before 


in; 


.   !»' 


Latter— on  contemplating  afresh 

.  I'ig.  106,  and  noting  how,  by  the 

:  ho  socondary  prolifications  must  cease 

oliiication  which  produces  the  main 

/  to  reconcile  all  the  phenomena  of  axil- 

^ .  sec  harmony  among  the  several  facts —  - 

1  .ry  bud  becomes  a  lateral,  leaf-bearing 

...  oKhmt  material  for  growth;  second,  that 

'  ."  ^  arrested,  or  it  becomes  a  flower-bearing 

W  of  sap* is  but  moderate;  third,  that  it  is 

nutrition  is  failing.      T7e  are  no  longer 

tiic  gratuitous  assumption,  that  in  the  phacno- 

.  tliorc  must  exist  an  axillary  bud  to  each  foliar 

^'0  are  led  to  conclude  a  priori,  that  which  we 

'  riuri,  that  axillary  buds  are  as  normally  absent 

^  as  they  are  normally  present  lower  down  the 

.  A  tlien,  to  complete  the  argument,  we  are  prepared 

<:orollary  that  axillary  proUfication  may  naturally 

■  m  at  the  ends  of  axes,  provided  the  failing  nutrition 

>  clauses  the  dwarfing  of  the  foliar  organs  to  form  a 

-,  be  suddenly  changed  into  such  high  nutrition  as  to 

I'jrm  the  components  of  the  flower  into  appendages 

r  are  green,  if  not  otherwise  leaf-like— a  condition  under 

..i.-li  only,  this  phenomenon  is  proved  to  occur. 

§  195.  One  more  question  presents  itself,  when  we  con- 
trast the  early  stages  of  development  in  the  two  classes  of 
rhaenogams ;  and  a  further  answer  supplied  by  the  hypothe- 
sis, gives  to  the  hypothesis  a  further  probability.  It  is  cha- 
racteristic of  an  endogen,  to  have  a  single  seed-leaf  or  coty- 
ledon ;  and  it  is  characteristic  of  an  exogen,  to  have  at  least 
two  cotyledons,  if  not  more  than  two.  That  is  to  say,  the 
xnonocotyledonous  mode  of  germination  everywhere  co- 
exists with  the  endogenous  mode  of  growth ;  and  along  with 
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ihii  orlyirml  mHoSi  wo  arrire  at  a  stracture  like  that 
U*rtiiltml  bud ;  by  dwarfing  and  generalizing  a  lateral 
M  aliown  in  Figf.  107-^110,  we  arrive  at  a  struct 
•waring  in  nature  and  position  to  the  axillary  bud. 


^r 


Vnots  couflrming  these  interpretations,  arc 
th0  Ntruoturo  and  distribution  of  buds.    The 
Axiii  in  its  primortUal  fonn,  being  an  intern 
Tollu  5  and  tht*  dowUipment  of  that  part  by  w  \ 
aiv  h^^ld  tojj^^lior  at  considerable  distances  fi  - 
ti^kiujf  pUu>^  at>fr\mrds;  it  is  inferable  f: 
)xviuo\)\)ivii  \\f  «mbr>>Ji^»  that  in  its  rudim 
\\h»\^\^X);«nuo  axis  will  haro  its  fiJiar  parts  ii 
iuavKxnI  \n\l  than  its  axial  parts.    This  wc 
^^1^ry  Wl  e^M\»i;iLta  \Nf  th#  nidiaa^its  of 
I^^W  >h\ihx^ul  a)\^  apiM^K'iabl^  interne 
M\tvn\^>Ul  *\MK>w  W^rin  U>  in<i«ase  with 
1 V  t^v^At  %Mf^tt*  Kax^  K^N^  (vnuideml'l 
^\>vrv  >^V,^^^^  >fc^tr»Tix>»»  i*  %W^lStv^iviK  a:nd  .. 
uXv*  \VM>^— t>,Al  ik  >alMsi^  m  iower 

j|^\,.;oN  Wvjt  Yfw^Vt  ;VA;r  sfff^rarar. 
4\v>BK   tV,'«5»l'  viii-T  V«^«^T^   ^iis^tr   •' 
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exogenous  modes  of  growth  P  We  shall  find  that  they  do. 
Starting,  as  before,  with  the  proliferous  form  shown  in 
Fig.  Ill,  it  is  clear  that  if  the  strength  required  for  main- 
taining the  vertical  attitude,  is  obtained  by  the  rolling  up  of 
the  fronds,  the  primary  frond  will  more  and  more  conceal  the 
secondary  frond  within  it.  At  the  same  time,  the  secondary 
frond  must  continue  to  be  dependent  on  the  first  for  its  nutri- 
tion ;  and  being  produced  within  the  first,  must  be  prevented 
by  defective  supply  of  light  and  air,  from  ever  becoming  syn- 
chronous in  its  development  with  the  first.  Hence,  this 
infolding  which  leads  to  the  endogenous  mode  of  growth, 
implies  that  there  must  always  continue  such  pre-eminence 
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of  the  first-formed  frond  or  its  representative,  as  to  moke  the 
germination  monocotylodonous.  Figs.  Ill  to  115,  show  the 
transitional  forms  that  would  result  from  the  infolding  of 
the  fronds.  In  Fig.  116,  a  vertical  section  of  the  form  repre- 
sented in  Fig.  115,  are  exhibited  the  relations  of  the  succes- 
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an  axis  arises,  when  the  axis  comes  to  be  a  channel  of  eonnx* 
lation  between  all  the  roots  at  one  of  its  extremities  and  all 
the  leaves  at  the  other }  and  if  this  lateral  bulging  must  in- 
crease, as  fast  as  the  quantity  of  foliage  to  be  brought  in 
communication  with  the  roots  increases— -especially  if  such 
foliage  has  at  the  same  time  to  be  raised  high  above  the 
earth's  surface ;  what  must  happen  to  a  plant  constructed  in 
the  manner  just  described  ?  The  elder  troads  or  foliar  or- 
gans,  ensheathing  those  within  them,  as  well  as  the  incipient 
axis  serving  as  a  bond  of  union,  are  at  first  of  such  circum- 
ference only  as  8u£Eiccs  to  inclose  these  imdeveloped  parts. 
What,  then,  will  take  place  when  the  inclosed  parts  grow — 
when  the  axis  thickens  while  it  elongates  ?  Evidently  tho 
earliest-formed  sheaths,  not  being  large  enough  for  the 
swelling  axis,  must  burst ;  and  evidently  each  of  the  later- 
formed  sheaths  must,  in  its  turn,  do  the  like.  There  must 
result  a  gradual  exfoliation  of  the  successive  sheaths,  like 
that  indicated  as  beginning  in  the  above  figure  of  Dendro-^ 
hium;  which,  at  a,  shows  the  bud  of  the  undeveloped  part  a 
just  visible  above  the  enwrapping  sheaths,  while  at  b,  and  r, 
it  shows  the  older  sheaths  in  process  of  being  split  open. 
That  is  to  say,  there  must  result  the  mode  of  growth  which 
helps  to  give  the  name  Endogens  to  this  class. 

The  other  way  in  which  an  integrated  series  of  fix^nd^ 
may  acquire  the  rigidity  needful  for  maintaining  an  erect 
position,  has  next  to  be  considered.  If  the  successive  finmds 
do  not  acquire  such  habit  of  curling  as  may  be  taken  ad- 
vantage of  by  natural  selection,  so  as  to  produce  the  requisite 
stiffiiess ;  then,  the  only  way  in  which  the  requisite  stifEucss 
appears  producible,  is  by  the  thickening  and  hardening  of 
the  fused  series  of  mid-ribs.  The  incipient  axis  will  not,  in 
this  case,  be  inclosed  by  the  roUed-up  fronds ;  but  will  con- 
tinue exposed.  Survival  of  the  fittest  will  favour  the  genesLi 
of  a  type,  in  which  those  portions  of  the  successive  mid-ribs' 
that  enter  into  the  continuous  bond,  become  more  bulky  than 
the   disengaged  portions  of  the  mid-ribs:  the  individuals 
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wluch  thrive  and'havQ  the  best  chances  of  leaving  o&pring, 
being,  by  the  hypothesis,  individuals  having  axes  stiff 
enough  to  raise  their  foliage  above  that  of  their  fellows. 
At  the  same  time,  under  the  same  influences,  there  will  tend 
to  result  an  elongation  of  those  portions  of  the  mid-ribs, 
which  become  parts  of  the  incipient  axis ;  seeing  that  it  will 
profit  the  plant  to  have  its  leaves  so  far  removed  from  one 
another,  as  to  prevent  mutual  interferences.  Hence,  from  the 
recumbent  type,  there  will  evolve,  by  indirect  equilibration, 
(§  167)  such  modifications  as  are  shown  in  Figs.  92,  93,  04 : 


the  first  of  which  is  a  slight  advance  on  the  ideal  type 
represented  in  Fig.  76,  arising  in  the  way  described ;  and 

^e  others  of  which  are  actual  plants — Jxingermannia  Rookeri, 
and  /.  decipiens.    Thus  the  higher  Acrogens  show  us  how, 

'  along  with  an  assumption  of  the  upright  attitude,  there  does 
go  on,  as  we  see  there  must  go  on,  a  separation  of  the  leaf- 

'  producing  parts  from  the  root-producing  parts ;  a  greater 
development  of  that  connecting  portion  of  the  successive 
fronds,  by  which  they  are  kept  in  communication  with  the 

.  roots,  and  raised  above  the  ground ;  and  a  consequent  in- 

.  creased  differentiation  of  such  connecting  portion  from  the 
parts  attached  to  it.  And  this  lateral  bulging  of  the  axis, 
directiy  or  indirectly  consequent  on  its  fmictions  as  a  support 


f 
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and  a  channel,  being  here  unrefltrained  by  the  eorly-foimed 
fronds  folded  round  it,  goes  on  without  the  bursting  of  these. 
Hence  arises  a  leading  character  of  what  is  called  exogenous 
growth — a  growth  which  ia,,  however,  still  habitually  accom- 
panied by  exfoliation,  in  flakes,  of  the  outermost  layer,  con- 
tinually being  cracked  and  split  by  the  accumulation  of 
layers  within  it.  And  now  if  we  examine  plants 

of  the  exogenous  type,  we  find  among  them  many  displaying 
the  stages  of  this  metamorphosis.  In  Fig.  95,  is  shown  a 
form  in  which  the  continuity  of  the  axis  with  the  mid-rib  of 
the  leaf,  is  manifest — ^a  continuity  that  is  conspicuous  in  the 
common  thistle.  Here  the  foliar  expansion,  running  somo 
distance  down  the  axis,  makes  the  included  portion  of  the 


^:^ 


axis  a  part  of  its  mid-rib ;  just  as  in  the  ideal  types  abore 
drawn.  By  the  greater  growth  of  the  intemodes,  which  are 
yery  variable,  not  only  in  different  plants  but  in  the  same 
plant,  there  results  a  modification  like  that  delineated  in 
Fig.  96.  And  then,  in  such  forms  as  Fig.  97,  there  is  shown^ 
the  arrangement  that  arises  when,  by  more  rapid  develop- 
ment of  the  proximal  portion  of  the  mid-rib,  the  distal  part 
of  the  foliar  sur&ce  is  separated  from  the  part  which  em- 
braces the  axis :  the  wings  of  the  mid-rib  still  serving,  how- 
ever, to  connect  the  two  portions  of  the  foliar  surface.  Such 
a  separation  is,  as  pointed  out  in  §  188^  an  habitual  occur-* 
ronce ;  and  in  some  compound  leaves,  an  actual  tearing  of  the 
inter-veinous  tissue,  is  caused  by  extra  growth  of  the  mid-rib. 
Modifications  like  this,  and  the  further  one  in  Fig.  98,  we 
may  expect  to  bo  established  by  survival  of  the  fittest,  among 
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.Lose  plants  which  produce  considerable  masses  of  leaves; 
;:nce  the  development  of  mid-ribs  into  footstalks,  by  throw- 
ng  the  leaves  further  away  from  the  axes,  will  diminish  the 
ihading  of  the  leaves,  one  by  another.  And  then,  among 
)lants  of  bushy  growth,  in  which  the  assimilating  surfaces 
xscomo  still  more  liablo  to  intercept  one  another's  light, 
latural  selection  will  continue  to  give  an  advantage  to  those 
tvhich  carry  their  assimilating  surfaces  at  the  ends  of  tho 
petioles,  and  do  not  develop  assimilating  surfaces  close  to 
the  axis,  where  they  are  most  shaded.  Whence  will  result 
X  disappearance  of  the  stipules  and  the  foliar  fringes  of  the 
mid-ribs ;  ending  in  the  production  of  the  ordinary  stalked 
leaf,  Fig.  99,  which  is  characteristic  of  trees.  Meanwhile, 
the  axis  thickens  in  proportion  to  the  number  of  leaves  it 
has  to  carry,  and  to  put  in  communication  with  the  roots  ; 
and  so  there  comes  to  be  a  more  marked  contrast  between  it 
and  the  oetioles,  severally  carrying  a  leaf  each.* 

§  194.  When,  in  the  course  of  the  process  above  sketched 
out,  there  has  arisen  such  community  of  nutrition  among  the 
fronds  thus  integrated  into  a  series,  that  the  younger  ones 
are  aided  by  materials  which  the  older  ones  have  elaborated ; 
-the  younger  fronds  will  begin  to  show,  at  earlier  and  earlier 
periods  of  development,  the  structures  about  to  originate 
from  them.  Abundant  nutrition  will  abbreviate  the  intervals 
between  the  successive  prolifications ;  so  that  eventually, 
trhile  each  firond  is  yet  imperfectly  formed,  the  rudiment  of 
ihe  next  will  begin  to  show  itself.  All  embryology  justifies 
this  inference.  The  analogies  it  furnishes  lead  us  to  expect 
i^iat  when  this  serial  arrangement  becomes  organic,  the 
growing  part  of  the  series  will  show  the  general  relations  of 

**  Since  thu  pazagraph  was  pat  in  type,  I  hare  obaerred  that  in  some  Tarieties 
of  CSntrmiMf  as  probablj  in  other  plants,  a  single  indindoal  famishes  aU  these 
/bnns  of  leaTes^all  gradations  between  nnstipnlated  leares  on  long  petioles,  and 
leares  that  embrace  tiie  axis.  It  may  be  added  that  the  distribation  of  these  va- 
liooi  fomM,  is  quite  in  hannony  with  tho  mtionale  aboTc  given. 
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tlie  forthocniiing  parts,  while  ibsy  are  very  small  and  on- 
specialized.  What  will  in  such  case  be  the  appearances  the} 
assmned?  We  shall  hare  no  diflScnltj  in  perceiving  what  ii 
will  be,  if  we  take  a  form  like  that  shown  in  Fig.  92,  and 
dwarf  its  sereral  parts  at  the  same  time  that  we  generalia 
them.  Figs.  100,  101, 102,  and  103,  wiU  show  the  result 
and  in  Fig.  104,  which  is  the  bad  of  an  exogen,  we  see  hov^ 


dear  is  the  morphological  correspondence:  a  being  the 
rudiment  of  a  foliar  organ  beginning  to  take  shape ;  b  being 
the  almost  formless  rudiment  of  the  next  foliar  organ ;  an^ 
e  being  the  quite-undifferentiated  part  whence  the  rudiments 
of  subsequent  foliar  organs  are  to  arise.  ^ 

AtiiI  now  we  are  prepared  for  enteriag  on  a  still-remaining 
question  respecting  the  structure  of  Fhamogams — ^what  is  the 
origin  of  axillary  buds?  As  the  synthesiB  at  present  stands, 
it  does  not  account  for  these ;  but  on  looking  a  little  more 
closely  into  the  matter,  we  shall  find  that  the  axillary  buds 
are  interpretable  in  the  same  manner  as  the  terminal  buds. 
So  to  interpret  them,  however,  we  must  return  to  that  pro- 
cess of  proliferous  growth  with  which  we  set  out,  for  the  pur- 
pose of  observing  somo  facts  not  before  named.  Ddesseria 
^  hypoglossiimf  Fig.  105,  represents  a  seaweed  of  the  same  genua 

as  one  outlined  in  Fig.  40 ;  but  of  a  species  in  which  pro-t 
liferous  growth  is  carried  much  further.  Here,  not  only  does 
the  primary  frond  bud  out  many  secondary  fronds  from  its 
mid-rib ;  but  most  of  the  secondary  fronds  similarly  bud  out 
several  tertiary  fronds ;  and  even  by  some  of  the  tertiazy 
fronds,  this  prolification  is  repeated.  Besides  being  shown 
that  the  budding  out  of  several  fronds  from  one  frond,  may 
become  habitual ;  we  are  also  shown  that  it  may  become  a 
habit  inherited  by  the  fronds  so  produced,  and  also  by  the 
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numfestation  of  the  tendeacy, 
by  failure  of  nutritbn.  That 
igDus  mode  of  growth  will  occur 
i  pe,  like  those  we  set  out  with,  is 
manniafanaia,  Figs.  45,  46,  in 
ification  is  partialis  displayed, 
ftood  a,  Fig.  106,  produces 


.  frond  b,  but  slao  another  such 
?i  suppose,  further,  that  the  frond 
if  proliferous:  producing  both  e 
tpoae  that  in  the  second  frond  V 
in  the  second  frond  J  which  b 
EGerous  habit  is  manifested.      If, 
Mjiic— if  it  becomes,  as  it  natur- 
^Ij^  gctfiristic  of  a  |dant  of  luxuriant 
*     *   g  of  which  can  be  fed  by  the  un- 
it with  each  lateral  series,  as  with 
IcessiTB  components  will  begin  to 
bnd  earlier  stages  of  develt^iment 
if-j  by  dwarfing  and  generalizing 
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the  original  series,  we  arrive  at  a  stmctore  like  that  of  thu 
terminal  bud ;  by  dwarfing  and  generalizing  a  lateral  seriesi 
as  shown  in  Figs.  107 — 110,  we  arrive  at  a  structure  an- 
swering in  nature  and  position  to  the  axillary  bud.  i 


J»Z  19*  ^9 


Facts  confirming  these  interpretations,  aro  afforded  by 
the  structure  and  distribution  of  buds.  The  phicnogamic 
axis  in  its  primordial  form,  being  an  integrated  series  of 
folia ;  and  the  development  of  that  part  by  which  these  folia 
ore  held  together  at  considerable  distances  from  one  another, 
taking  place  afterwards ;  it  is  inferable  from  the  general 
principles  of  embryology,  that  in  its  rudimentary  stages,  the 
phtenogamic  axis  will  have  its  foliar  ports  much  more  clearly 
marked  out  than  its  axial  parts.  This  we  see  in  every  bud. 
Every  bud  consists  of  the  rudiments  of  leaves  packed  to- 
gether without  any  appreciable  intemodal  spaces ;  and  tlio 
intemodal  spaces  begin  to  increase  with  rapidity,  only  when 
the  foliar  organs  have  been  considerably  developed.  More- , 
over,  where  nutrition  is  defective,  and  arrest  of  development 
takes  place — that  is,  where  a  flower  is  fonned — the  interr 
nodes  remain  undeveloped :  the  process  of  unfolding  ceases 
before  the  later-acqtdred  characters  of  the  phaenogamic  axis 
are  assumed.  Lastly,  as  the  hypothesis  leads  us  to  expect, 
axillary  buds  make  their  appearances  later  than  the  foliar  ^ 
organs  which  they  accompany ;  and  where,  as  at  the  ends  of 
axes,  these  foliar  organs  show  failure  of  chlorophyll,  the 
axillary  buds  ore  not  produced  at  alL  That  these  are  inr 
ferable  traits  of  structure,  will  be  manifest  on  contemplating 
Figs.  106—110;  and  on  observing,  first,  that  the  doubly- 
proliferous  tendency  of  which  the  axillary  bud  is  a  result,  im* 
plies  abundant  nutrition ;  and  on  observing,  next,  that  the 
original  place  of  secondary  prolification,  is  such  that  the  foliar 
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irfiMse  on  wHicIi  it  occurs,  must  grow  to  some  extent  before 
le  bud  appears. 

On  thus  looking  at  tbe  matter — on  contemplating  afresh 

le  ideal  type  shown  in  Fig.  106,  and  noting  how,  by  the 

auditions  of  the  case,  the  secondary  prolifications  must  cease 

efore  that  primary  prolification  which  produces  the  main 

.xis ;  we  ore  enabled  to  reconcile  all  the  phenomena  of  axil- 

vry  gemmation.   We  see  harmony  among  the  sereral  facts —  . 

rst,  that  the  axillary  bud  becomes  a  lateral,  leaf-bearing 

xis  if  there  is  abundant  material  for  growth  ;  second,  that 

cs  development  is  arrested,  or  it  becomes  a  flower-bearing 

xxB,  if  the  supply  of  sap* is  but  moderate;  third,  that  it  is 

bsent  when  the  nutrition  is  failing.     TVe  are  no  longer 

ommitted  to  the  gratuitous  assumption,  that  in  the  pha)no- 

j^amic  type,  there  must  exist  an  axillary  bud  to  each  foliar 

>rgan ;  but  we  are  led  to  conclude,  a  priori,  that  which  we 

ind,  a  posteriori^  that  axillary  buds  are  as  normally  absent 

n  flowers  as  they  are  normally  present  lower  down  the 

ixis.    And  then,  to  complete  the  argument,  we  are  prepared 

for  the  corollary  that  axillary  prolification  may  naturally 

arise  even  at  the  ends  of  axes,  provided  the  failing  nutrition 

which  causes  the  dwarfing  of  the  foliar  organs  to  form  a 

flower,  be  suddenly  changed  into  such  high  nutrition  as  to 

transform  the  components  of  the  flower  into  appendages 

that  are  green,  if  not  otherwise  leaf-like — a  condition  under 

which  only,  this  phenomenon  is  proved  to  occur. 

.  §  195.  One  more  question  presents  itself,  when  we  con- 
trast the  early  stages  of  development  in  the  two  classes  of 
Phaenogams ;  and  a  further  answer  suppUed  by  the  hypothe- 
sis, gives  to  the  hypothesis  a  further  probability.  It  is  cha- 
racteristic of  an  endogen,  to  have  a  single  seed-leaf  or  coty- 
ledon ;  and  it  is  characteristic  of  an  exogen,  to  have  at  least 
two  cotyledons,  if  not  more  than  two.  That  is  to  say,  the 
monocotyledonous  mode  of  germination  everywhere  co- 
exists with  the  endogenous  mode  of  growth ;  and  along  with 
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the  exogenous  mode  of  growth,  there  always  goes  either 
dicotyledonous  or  polycotyledonons  germination.  "Why  : 
this?  Such  correlations  cannot  he  accidental— cannot  I 
meaningless.  A  true  theoiy  of  the  phaBnogomie  types^  i 
their  origin  and  divergence,  diould  account  for  the  connes 
ion  of  these  traits.  Let  us  see  whether  the  foregoing  theor 
docs  this. 

The  higher  phints,  like  the  higher  animals,  bequeath  t 
their  ofi^ring  more  or  less  of  nutriment  and  structun 
Superior  organisms  of  either  kingdom  do  not,  atf  do  all  in 
ferior  orgamsms,   cast  off  their  progeny  in  the  shape  c 
minute  portions  of  protoplasm,  unorganized  and  withou 
stocks  of  material  fit  for  them  to  organize ;  but  they  eithe 
deposit  along  with  the  germs  they  cast  off,  certain  quandtie 
of  albumenoid  substance,  fit  for  them  to  appropriate  whilt 
they  derelop  themselyes,  or  else  thqr  continue  to  supply  socl 
substance  while  the  germs  partiaUy-derelop  themsdTes  befbn 
their  detachment.    Among  plants,  this  constitutes  the  dis- 
tinction between  seeds  and  spores.    Every  seed  ^wifftimi  i 
store  of  food  to  serve  the  young  plant  during  the  first  stagee 
of  its  independent  life ;  and  usually,  too,  before  the  seed  i^ 
detached,  the  young  plant  is  so  &r  advanced  in  structure, 
that  it  bears  to  the  attached  stock  of  nutriment  much  the 
same  relation  that  the  young  fish  bears  to  the  appended  yeik-^ 
bag  at  the  time  of  leaving  the  egg.    Sometimes,  indeed,  the 
development  of  chlorophyll  gives  the  seed-leaves  a  brightl 
green,   while  the  seed    is  still  contained  in  the  parent- 
pod.  This   early   organization  of  the  phaeno- 
gam,  must  be  supposed  rudely  to  indicate  the  type  out  of 
which  the  phsenogamic  type  arose.    On  the  foregoing  hypo- 
thesis, the  seed-leaves  therefore  represent  the   primordial 
fronds — which,  indeed,  they  simulate  in  their  simple,  cellular, 
unveined  structures.   And  the  question  here  to  be  asked  is^-{ 
do  the  different  relations  of  the  parts  in  young  endogens  and 
exogens  correspond  with  the  different  relations  of  the  primor*- 
dial  fronds,  severally  implied  by  the  endogenous  and  the 
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exogenous  modes  of  growth  P  We  slioU  find  that  they  do. 
Starting,  as  before,  with  the  proliferous  form  shown  in 
Fig.  Ill,  it  is  clear  that  if  the  strength  required  for  main- 
taining the  vertical  attitude,  is  obtained  by  the  rolling  up  of 
the  fronds,  the  primary  frond  will  more  and  more  conceal  the 
secondary  frond  within  it.  At  the  same  time,  the  secondary 
frond  must  continue  to  be  dependent  on  the  first  for  its  nutri- 
tion ;  and  being  produced  within  the  first,  must  be  prevented 
by  defective  supply  of  light  and  air,  from  ever  becoming  syn- 
chronous in  its  development  with  the  first.  Hence,  this 
infolding  which  leads  to  the  endogenous  mode  of  growth, 
implies  that  there  must  always  continue  such  pre-eminence 
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of  the  first-formed  frond  or  its  representative,  as  to  make  the 
germination  monocotylcdonous.  Figs.  Ill  to  115,  show  the 
transitional  forms  that  would  result  from  the  infolding  of 
the  fronds.  In  Fig.  116,  a  vertical  section  of  the  form  repre- 
sented in  Fig.  115,  are  exhibited  the  relations  of  the  succes- 
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81  ve  fronds  to  each  other.  Tho  modified  relations  that  would 
result,  if  the  nutrition  of  the  embryo  admitted  of  anticipatory 
development  of  the  successive  fronds,  is  shown  in  Fig.  117. 
And  how  readily  the  structure  may  pass  into  that  of  tho 
monocotyledonous  germ,  will  be  seen  on  inspecting  Fig.  118 ; 
which  is  a  vertical  section  of  an  actual  monocotyledon  at  an 
early  stage — the  incomplete  lines  at  the  left  of  its  root,  indi- 
cating its  connexion  with  the  seed.*  Contrariwise, 
where  the  strength  required  for  maintaining  an  upright  atti- 
tude is  not  obtained  by  the  rolling  up  of  the  fronds,  but  by 
the  strengthening  of  the  continuous  mid-rib,  the  second 
frond,  so  far  from  being  less  favourably  circumstanced  than 
the  first,  becomes  in  some  respects  even  more  favourably 
circumstanced :  being  above  the  other,  it  gets  a  greater  share 
of  light,  and  it  is  less  restricted  by  surrounding  obstacles. 
There  is  nothing,  therefore,  to  prevent  it  from  rapidly  gaining 
an  equality  with  the  first.  And  if  we  assume,  as  the  truths  of 
embryology  entitle  us  to  do,  an  increasing  tendency  towards 
anticipation  in  the  development  of  subsequent  fronds — if 
we  assume  that  here,  as  in  other  cases,  structures  which 
were  originally  produced  in  succession,  will,  if  the  nutrition 
allows  and  no  mechanical  dependence  hinders,  come  to  be  pro- 
duced simultaneously ;  there  is  nothing  to  prevent  the  pas^ 
sage  of  the  type  represented  in  Fig.  Ill,  into  that  represented 

*  Since  tliose  figaros  were  pat  on  the  bloek,  it  hae  oeenRed  to  me  tliat  the 
Belatiotti  wonld  be  itill  clearer,  were  the  primary  frond  repreiented  at  not  taking 
part  in  these  procesief  of  modification,  which  haye  been  deieribed  aa  gif  ing  rue 
to  the  erect  form ;  as,  indeed,  the  rooting  of  its  nndeptnr&oe  will  prevent  it  from 
doing  in  any  conaiderable  degree.  In  each  case,  each  of  the  Figt.  Ill  to  117, 
ihonld  have  a  horiiontal  rooted  frond  at  iti  base,  homologous  with  the  pro-em- 
bryo among  Aerogens.  This  primary  frond  wonld  then  more  manifestly  stand  in 
the  same  relation  to  the  rest,  as  the  cotyledon  does  to  the  plumule — ^both  by 
position,  and  as  a  supplier  of  nutriment.  Fig.  117  a,  which  I  am  enabled  to 
add,  shows  that  this  would  complete  the  interpretation.  Of  the  dicotyledonous 
series,  it  is  needful  to  odd  no  further  explanation  than  that  the  differenee  in  habit 
of  growth,  will  permit  the  second  frond  to  root  itself  as  well  as  the  first ;  and  so 
to  become  an  addiUonal  source  of  nutrition,  similarly  circumstanced  to  the  flnt 
and  equal  with  it. 
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in  Fig.  122.  Or  rather,  there  is  everything  to  &cilitate  it ; 
seeing  that  natural  selection  will  continually  favour  the  pro- 
duction of  a  form  in  which  the  second  frond  grows  in  such 
way  as  not  to  shade  the  first,  and  in  such  way  as  allows  the 
axis  readily  to  assume  a  vertical  position. 

Thus,  then,  is  interpretable  the  imiversal  connexion  between 
monocotyledonous  germination  and  endogenous  growth ;  as 
well  as  the  similarly-universal  connexion  between  exogenous 
growth  and  the  development  of  two  or  more  cotyledons. 
That  it  explains  these  fundamental  relations,  adds  very 
greatly  to  the  probability  of  the  hypothesis. 

§  196.  While  we  are  in  this  manner  enabled  to  discern 
the  kinship  that  exists  between  the  higher  vegetal  types 
themselves,  as  well  as  between  them  and  the  lower  types ;  we 
tire  at  the  same  tune  supplied  with  a  rationale  of  those  truths 
which  vegetal  morphologists  have  established.  Those  homo- 
logies which  Wolff  indicated  in  their  chief  outUnes  and 
Goethe  followed  out  in  detail,  have  a  new  meaning  given  to 
them  when  we  regard  the  phsBnogamic  axis  as  having  been 
evolved  in  the  way  described.  Forming  the  modified  con- 
ception which  we  are  here  led  to  do,  respecting  the  units  of 
which  a  flowering  plant  is  composed,  we  are  no  longer  left 
ivithout  an  answer  to  the  question — What  is  an  axis  P  And 
/e  are  helped  to  understand  the  naturalness  of  those  cor- 
respondences which  the  successive  members  of  each  shoot 
display.  Let  us  glance  at  the  facts  from  our  present  stand- 
point. 

The  unit  of  composition  of  a  Phaenogam,  is  such  portion  of 
«a  shoot  as  answers  to  one  of  the  primordial  fironds.  This 
^portion  is  neither  one  of  the  foliar  appendages  nor  one  of  the 
intemodes;  but  it  consists  of  a  foliar  appendage  together 
with  the  preceding  intemode,  including  the  axillary  bud 
where  this  is  developed.  The  parts  intercepted  by  the  dotted 
lines  in  Fig.  123,  constitute  such  a  segment ;  and  the  true 
bnmology  is  between  this  and  any  other  foliar  organ  with  the 
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portion  of  the  axis  below  it.  And  now  obserre  how,  when  we 
take  this  for  the  nnit  of  composition,  the  metamoiphoses 
which  the  phsnogamic  axis  disphiysy  are  inferable  from  known 
lawsofdeyelopment.  Embryology  teaches  ns  that  arrest 

of  deyelopment  shows  itself  first  in  the  absence  of  those  parts 
that  have  arisen  latest  in  the  course  of  OTolution ;  that  if 
defect  of  nutrition  cooses  an  earlier  arrest,  parts  that  are  of 
more  ancient  origin  abort ;  and  that  the  part  alone  produced 
when  the  supply  of  materials  fails  near  the  outset,  is  the  prim- 
ordial part  We  must  infer,  therefore,  that  in  each  seg- 
ment of  a  Phsenogam,  the  foliar  organ,  which  answers  to  the 
primordial  frond,  will  be  the  most  constant  element ;  and 
that  the  intemode  and  the  axillary  bud,  will  be  successively 
less  constant  This  we  find.  Along  with  a  smaller  size  of 
foliar  surface  implying  lower  nutrition,  it  is  usual  to  see  a 
much-diminished  intemode  and  a  less-pronounced  axillary 
bud,  as  in  Fig.   124.      On  approaching   the  flower,   tha 
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axillary  bud  disappears;  and  the  segment  is  reduced  to 
a  small  foliar  surface,  with  an  intemode  which  i&  in  most 
cases  yery  short  if  not  absent,  as  in  125  add  126.  In  the 
flower  itself,  axillary  buds  and  intemodes  are  both  want- 
ing: there  remains  only  a  foliar  surfSsu^  (1-27),  which, 
though  often  larger  than  the  immediately  preceding  foliar 
surface,  shows  failing  nutrition  by  absence  of  chlorophylLf 
And  then,  in  the  quite  terminal  organs  of  fructification  (129),' 
we  have  the  foliar  part  itself  reduced  to  a  mere  rudiment. 
Though  these  progressive  degenerations  are  by  no  means 
regular,  being  in  many  cases  varied  by  adaptation  to  par^ 
ticular  requirements,  yet  it  cannot,  I  think,  be  questioned. 
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that  the  general  relations  are  as  described^  and  that  they  are 
such  as  the  h}7)othe8is  leads  us  to  expect  Nor  are 

we  without  a  kindred  exphination  of  certain  remaining  traits 
of  foliar  organs  in  their  least-deyeloped  forms.  Petals, 
Btamons,  pistils,  &c.,  besides  reminding  us  of  the  primordial 
fronds  by  their  diminished  sizes,  and  by  the  want  of  those 
several  supplementary  parts  which  the  preceding  segments 
possess,  aUo  remind  us  of  them  by  their  histological  charac- 
ters :  they  consist  of  simple  cellular  tissue,  scarcely  at  all 
differentiated.  The  fructifying  cells,  too,  which  here  moke 
their  appearance,  are  borne  in  ways  like  those  in  which  the 
lower  Acrogcns  bear  them — at  the  edge  of  the  frond,  or  at 
the  end  of  a  peduncle,  or  immersed  in  the  general  substance ; 
OS  in  Figs.  128  and  129.  Nay,  it  might  even  be  said  that 
the  colours  assumed  by  these  terminal  folia,  call  to  mind  the 
plants  out  of  which  wn  conclude  that  Phxenogams  have  been 
OYolved ;  for  it  is  said  of  the  fronds  of  the  Jtmgermanniacece, 
that  "  though  under  certain  circumstances  of  a  pure  green, 
they  are  inclined  to  be  shaded  with  red,  purple,  chocolate,  or 
other  tints.'' 
^  As  thus  understood,  then,  the  homologies  among  the  parts 
of  the  phoBuogamio  axis  are  interpretable,  not  as  due  to  a 
needless  adhesion  to  some  typical  form  or  fulfilment  of  a  pre- 
determined plan ;  but  as  the  ineyitable  consequences  of  the 
podo  in  which  the  phflsnogamic  axis  originates. 

■       §  197.  And  now  it  remains  only  to  observe,  in  confirmation 
v^  of  the  foregoing  synthesis,  that  it  at  once  explains  for  us 
'ivaiious  irregularities.     When  we  see  leaves  sometimes  pro- 
ducing leaflets  from  their  edges  or  extremities,  we  recognize 
\  in  the  anomaly,  a  resumption  of  an  original  mode  of  growth : 
fronds  frequently  do  this.    When  we  learn  that  a  flowering 
plant,  as  the  Drosera  intermedia^  has  been  known  to  develop 
a  young  plant  from  the  surface  of  one  of  its  leaves,  we  are  at 
pnce  reminded  of  the  proliferous  growths  and  fructifying 
organs  in  the  Liverworts.    The  occasional  production  of  bul- 
VoL.  XL  4 
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bik  by  PhsenogaiDBy  ceases  to  be  so  surprising  when  we  find 
it  to  be  babitoal  among  the  infiirior  Acrogens;  and  wben  we 
see  that  it  is  but  a  repefitum,  on  a  higher  stage,  of  that  self- 
detachment  which  is  common  among  proliferooslj-produced 
fronds.  Nor  are  we  anj  longer  without  a  solution  of  that 
transformation  of  foliar  organs  into  axial  organs,  which 
not  uncommonly  takes  place.  How  this  lost  irregolarity 
of  derelopment  is  to  be  accounted  for,  we  will  here  pause  a 
moment  to  consider.    Let  us  first  glance  at  our  data. 

The  form  of  every  organism,  we  have  seen,  must  depend 
on  the  structures  of  its  physiological  units.    Any  group  of 
such  physiological  units  will  tend  to  arrange  itself  into  the 
complete  organism,  if  it  is  uncontrolled  and  placed  in  fit 
conditions.    Hence  the  doTelopment  of  fertilized  germs ;  and 
hence  the  derelopment  of  those  self-detached  cells  which  . 
characterize  some  plants.    OouTersely,  physiological  units 
which  form  a  small  group  iuTolved  in  a  larger  group,  and  are;, 
subject  to  all  the  forces  of  the  larger  group,  will  become  sub- 
ordinate in  their  structural  arrangements  to  the  larger  group 
— ^will  be  co-ordinated  into  a  part  of  the  major  whole,  in- 
stead of  co-ordinating  themselYes  into  a  minor  whole.    This 
antithesis  will  be  clearly  understood  on  remembering  how, 
on  the  one  hand,  a  small  detached  part  of  a  hydra  soon 
moulds  itself  into  the  shape  of  an  entire  hydra ;  and  how, 
on  the  other  hand,  the  cellular  mass  that  buds  out  in  place 
of  a  lobster's  lost  claw,  gradually  assumes  the  form  of  a  claw 
—has  its  ports  so  moulded  as  to  complete  the  structure  of 
the  organism :  a  result  which  we  cannot  but  ascribe  to  the 
forces  which  the  rest  of  the  organism  exerts  upon  it.    Con- 
sequently, among  plants,  we  may  expect  that  whether  any 
portion  of  protoplasm  moulds  itself  into  the  typical  form 
around  an  ft^*«  of  its  own,  or  is  moulded  into  a  part  subor-' 
dinate  to  another  axis,  will  depend  on  the  relatiye  mass  of 
its  physiological  units— the  accumulation  of  them  that  has     i 
taken  place  before  the  assumption  of  any  structural  ammge-     | 
ment    A  few  illustrations  will  make  clear  the  validity  of 
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Hence,  then,  we  are  not  without  an  interpretation  of  those 
OYer-developments  which  the  phtenogamic  axis  occasionally 
undergoes.  Fig.  104,  represents  the  phmnogamic  bud  in  its 
rudimentary  state.  The  lateral  process  6,  which  ordinarily 
becomes  a  foliar  appendage,  differs  very  little  from  the 
terminal  process  c,  which  is  to  become  an  axis— ^differs 
mainly  in  having,  at  this  period  when  its  form  is  being 
determined,  a  smaller  bulk.  If  while  thus  undifferentiated, 
its  nutrition  remxuns  inferior  to  that  of  the  terminal  process, 
it  becomes  moulded  into  a  part  that  is  subordinate  to  the 
general  axis.  But  if,  as  sometimes  happens,  thertf  is  supplied 
to  it  such  an  abundance  of  the  materials  needful  for  growth, 
that  it  becomes  as  large  as  the  terminal  process ;  then  wo 
may  naturally  expect  it  to  begin  moulding  itself  round  an 
axis  of  its  own :  a  foliar  organ  will  be  replaced  by  an  axial 
organ.  And  this  result  will  be  especially  liable  to  occur, 
when  the  growth  of  the  axis  has  been  preTiously  under- 
going that  arrest  which  leads  to  the  formation  of  a  flower ; 
that  is,  when,  from  defect  of  materials,  the  terminal  process 
has  almost  ceased  to  increase,  and  when  some  concurrence  of 
favourable  causes,  brings  a  sudden  access  of  sap,  which  reaches 
the  lateral  processes  before  it  reaches  the  terminal  process. 

§  198.  The  general  conclusion  to  which  these  various  lines 
of  evidence  converge,  is,  then,  that  the  shoot  of  a  flowering 
plant  is  an  aggregate  of  the  third  degree  of  composition. 
Taking  as  aggregates  of  the  first  order,  those  small  masses 
of  protoplasm  which  ordinarily  assume  the  forms  imder 
which  they  are  known  as  ceUs ;  and  considering  as  aggregates 
of  the  second  order,  those  assemblages  of  such  cells  which, 
in  the  lower  oryptogamia,  compose  the  various  kinds  of  thai* 
lus ;  then  that  structure,  common  to  the  higher  cryptogams 
and  to  phasnogams,  in  which  we  find  a  series  of  such  groups 

relatiTelj  more  sabordinate  to  the  foroM  exerted  on  them  bj  the  larger  aggre- 
gatei  of  moleeules  that  are  at  greater  dittaaeei,  and  thus  are  loft  to  arrange 
themidvcs  ronnd  fever  axes  into  larger  erystala.  / 
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of  cells  bound  up  into  a  continuouB  ttIioIc,  must  be  regarded 
as  an  aggregate  of  the  third  order.  Tlie  inference  drawn 
from  analysis,  and  verified  by  a  synthesis  that  corresponds  in 
a  remarkable  manner  Trith  the  facts,  is,  that  those  compound 
parts  which,  in  Endogens  and  Exogens,  are  called  axes, 
have  really  arisen  by  integration  of  such  simple  parts  as  in 
lower  plants  are  called  fronds.  Here,  on  a  higher  level,  ap* 
pears  to  have  token  place  a  repetition  of  the  process  already 
obscnrod  on  lower  levels.  The  formation  of  those  small 
groups  of  physiological  units  which  compose  the  lowest 
protophytes,  is  itself  a  process  of  integration ;  and  the  con- 
solidation of  such  groups  into  definitely-circumscribed  and 
coherent  cells,  is  a  completing  of  the  process.  In  those 
coalescences,  variously  carried  on,  by  which  many  such  cells 
are  joined  into  threads,  and  discs,  and  solid  or  flattened- 
out  masses,  we  see  these  morphological  units  aggregating 
into  units  of  a  compound  kind — the  difiercnt  phases  of  the 
transition  being  exemplified  by  groups  of  various  sizes, 
various  degrees  of  cohesion,  and  various  degrees  of  definite- 
ness.  Once  more  do  we  now  find  evidences  of  a  like  process 
on  a  larger  scale:  the  compound  groups  are  again  com- 
pounded. And,  as  before,  there  are  not  wanting  types  of 
organization  by  which  the  stages  of  this  higher  integration 
are  shadowed  forth.  From  fronds  that  occasionally  produce 
other  fronds  from  their  surfaces,  we  pass  to  those  that 
habitually  produce  them.  From  those  that  do  so  in  an  in- 
definite manner,  to  those  that  do  so  in  a  definite  manner. 
And  frxim  those  that  do  so  singly,  to  those  that  do  so  doubly 
and  triply  through  successive  generations  of  fronds.  Even 
within  the  limits  of  a  sub-class,  we  find  gradations  between 
fronds  irregularly  proliferousy  and  groups  of  such  fronds 
united  into  a  regular  series. 

Nor  does  the  process  end  here.  The  flowering  plant  is 
rarely  tiTim-yml — it  is  nearly  always  midtiaxiaL  From  its 
primary  shoot,  there  grow  out  secondary  shoots  of  like  kind. 
Though  occasionally  among  Phsenogams,  and  frequently 
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Among  the  higlier  Cryptogams,  the  germs  of  now  axes  detach 
themselves  under  the  form  of  bulbils,  and  develop  separately 
Instead  of  in  connexion  with  the  parent  axis ;  yet  in  most 
Phaonogams,  the  germ  of  each  new  axis  maintains  its  con- 
nexion with  the  parent  axis :  whence  results  a  group  of  axes 
— an  aggregate  of  the  fourth  order.  Every  tree,  by  the  pro- 
duction of  branch  out  of  branch,  shows  us  this  integration 
repeated  over  and  over  again :  forming  an  aggregate  having 
a  degree  of  composition  too  complex  to  be  any  longer  defined. 
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CHAPTER  IV. 

THE  MORPHOLOGICAL  CO^IPOSITION  OF  ANIMALS. 

§  199.  What  was  said  in  §  180,  respecting  the  ultimate 
structure  of  organisms,  liolds  more  manifestly  of  animals 
tlion  of  plants.  That  throughout  the  yegetal  kingdom  the 
.cell  is  the  morphological  unit,  is  a  proposition  admitting  of  a 
better  defence,  than  the  proposition  that  the  cell  is  the  mor- 
paological  unit  throughout  Hie  animal  kingdom.  The  qualifi* 
cations  with  which,  as  we  saw,  the  cell-doctrine  must  be 
^  taken,  tie  qualifications  thrust  upon  us  more  especially  by 
•  the  facts  which  zoologists  have  brought  to  light.  It  is 
among  the  Protozoa  that  there  occtur  numerous  cases  of  vital 
activity  displayed  by  specks  of  protoplasm ;  and  from  the 
minute  anatomy  of  all  creatures  above  these,  up  to  the  Teleozoa^ 
are  drawn  the  numerous  proofs  that  non-cellular  tissues  may 
arise  by  direct  metamorphosis  of  structureless  colloidal  sub- 

V  stance. 
Our  survey  of  morphological  composition  throughout  the 
animal  kingdom,  must  therefore  begin  with  those  imdiffer- 
lentiated  aggregates  of  physiological  units,  out  of  which  are 
(  formed  what  we  call,  with  considerable  license,  morphological 
\  units. 


{ 


\  %  200.  In  that  division  of  the  Protozoa  distinguished  as 
Bhinopoda^  are  presented,  under  various  modifications,  these 
minute  portions  of  living  organic  matter,  so  little  differenti- 
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aieif  if  not  podtiYely  ondififerentiated,  that  animal  indhida* 
ality  can  scarcely  be  claimed  tar  tbem.    Figa.  131, 132,  and 


133,  represent  cenain  nearly-allied  types  of  theao-^Amaba, 
AetiTiophrys,  and  Lieherkuhnifu  The  Tisdd  jelly  or  saroodc, 
comparable  in  its  physical  properties  to  vhite  of  egg,  oat  of 
which  one  of  these  creatares  is  mainly  formed,  sho^ia  as  in 
Tarious  ways,  the  feebleness  with  which  the  component  physio- 
logical anits  are  integrated — shows  as  this  by  its  Tcry  slight 
cohesion,  by  tho  extreme  indcfinitcness  and  mutability  of  its 
form,  and  by  the  absence  of  a  limiting  membrane.  Though 
unqualified  adherents  of  the  cell-doctrine  assert  that  tho 
AmcBba  has  an  inyestment,  yet  since  this  inyestment,  com- 
pared by  Dujardin  to  the  film  which  forxns*0n  the  surface  of 
paste,  does  not  prerent  the  taking  of  solid  particles  into  thd 
mass  of  the  body,  and  does  not,  in  such  kindred  forms  as  Figp. 
133,  preyent  the  pseudopodia  from  coalescing  when  they 
meet,  it  cannot  be  anything  desenring  the  name  of  a  cell- 
walL  A  considerable  portion  of  the  body,  howeyer,  in  Dijfflu' 
gia,  Fig.  134,  has  a  denser  coating ;  so  that  the  protrusion  of 
the  pseudi^>odia  is  limited  to  one  part  of  it.  And  in  the 
solitary  Foramini/erat  like  Oromia,  the  sarcode  is  coyered 
oyer  most  of  its  surface  by  a  delicate  calcareous  shell,  pierced 
with  minute  holes,  through  which  the  slender  pseudopodia 
are  thrust.  The  Oregarma  exhibits  an  a4yance  in 

integration,  and  a  consequent  greater  definiteness.     Figs* ' 
135  and  136,  exemplifying  this  type,  show  the  completo 
membrane  in  which  the  substance  of  the  creature  is  con- 
tained.    Here  there  haa  arisen  what  may  be  properly  called  f' 
a  cell :  under  its  solitary  form  this  animal  is  truly  unicellular.  '^ 
Its  embryology  has  considerable  significance.    After  passing: 
through  a  certain  quiescent,  "  encysted "  state,  its  interior 
breaks  up  into  small  portions,  which,  after  their  exit,  assumo 
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forms  like  tliat  of  the  Amoeba;  and  from  this  youngs  condi- 
tion in  wliich  they  are  undifferentiated,  they  pass  into  that 
adult  condition  in  which  they  have  limiting  membranes.  If 
this  development  of  the  individual  Oregarina  typifies  the 
mode  of  evolution  of  the  species,  it  yields  further  support  to 
the  belief,  that  homogeneous  fragments  of  sarcode  existed 
earlier  than  any  of  the  structures  which  ore  properly  called 
ceUs.  Among  aggregates  of  the  first  order,  there 

are  some  much  moro  highly  developed.  These  are  the  Infu- 
soria; constituting  the  most  numerous  of  the  Protozoa,  in 
species  as  in  individuals.  Figs.  137,  138,  and  139,  are  ex- 
amples. In  them  we  find,  along  with  greater  dcfiniteness, 
a  considerable  heterogeneity.  The  sarcode  of  which  the  body 
consists,  has  an  indurated  outer  layer,  bearing  cilia  and  some- 
times spines ;  there  is  an  opening  serving  as  mouth,  a  per- 
manent oesophagus,  and  a  cavity  or  cavities,  temporarily 
formed  in  the  interior  of  the  sarcode^  to  serve  as  one  or  moro 
stomachs ;  and  there  is  a  comparatively  specific  arrangement 
of  these  and  various  minor  parts. 

Thus  in  the  animal  kingdom,  as  in  the  vegetal  kingdom, 
there  exists  a  class  of  minute  forms  having  this  peculiarity, 
that  no  one  of  them  is  separable  into  a  number  of  visible  com- 
ponents homologous  with  one  another — ^no  one  of  them  can 
bo  resolved  into  minor  individualities.  Its  proximate  imits 
are  those  physiological  units  of  which  we  conclude  every  or- 
ganism consists.  The  aggregate  is  an  aggregate  of  the  first 
order. 

S  201.  Among  plants  are  found  types  indicating  a  transi- 
•  tion  from  aggregates  of  the  first  order  to  aggregates  of  the 
second  order ;  and  among  ftnimftla  we  find  analogous  types. 
But  the  stages  of  progressing  integration  are  not  here  so  dis- 
tinct. The  reason  probably  is,  that  the  simplest  animals, 
'  having  individualities  much  less  marked  than  those  of  the 
simplest  plants,  do  not  afford  us  the  same  facilities  for  ob- 
servation.   In  proportion  as  the  limits  of  the  minor  indi« 
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among  tliem,  are  sHoi^ni  in  Fig.  141.  And  setting  out  from 
these,  we  may  ascend  in  Tarious  directions  to  kinds  com* 
pounded  to  an  immense  variety  of  degrees  in  an  immense 
variety  of  ways.  In  all  of  them,  however,  the  separability  of 
the  major  individuality  into  minor  individualities,  is  very  in- 
complete. The  portion  of  sarcode  contained  in  one  of  these 
calcareous  chambers,  gives  origin  to  an  external  bud ;  and 
this  presently  becomes  covered,  like  its  x>areiit,  with  calcareous 
matter :  the  position  in  which  each  successive  chamber  is  so 
produced,  determining  the  form  of  the  compound  shell.  But 
the  portions  of  sarcode  thus  budded  out  one  from  another,  do 
not  become  distinctly  individualized.  Fig.  142,  representing 
the  living  net- work  which  remains  when  the  shell  of  an  Or- 
bitolite  has  been  •  dissolved,  shows  the  continuity  that  exists 
among  the  occupants  of  its  aggregated  chambers.  Still,  the 
occupant  of  each  chamber  may  fairly  be  considered  as  homo- 
logous with  a  solitary  Foraminifer ;  and  if  so,  theOrbitolite 
w  an  aggregate  of  the  second  order :  this  indefinite  marking- 
off  of  its  morphological  units,  being  the  obverse  of  the  fact 
that  the  individualities  of  their  prototypes  are  feebly  pro- 
nounced. Forms  of  essentially  the  same  kind 
are  aggregated  in  another  manner  among  the  Spongid^, 
The  fibres  of  a  living  sponge  are  clothed  with  gelatinous 
[  substance,  which  is  separable  into  AmoeborUke  creatures, 
capable  of  moving  about  by  their  pseudopodia  when  detach- 
\^  These  nucleated  portions  of  sarcode,  which  are  the 
znorphological  units  of  the  sponge,  lining  all  its  channels 
and  chambers,  subsist  on  the  nutritive  particles  brought  to 
them  by  the  currents  of  water  that  are  drawn  in  through 
the  superficial  pores,  and  sent  out  through  the  larger  open- 
.  ings— currents  produced  by  ciliated  units,  such  as  are  shown 
(in  Fig.  143.  So  that,  in  the  words  of  Prof.  Huxley,  "the 
flponge  represents  a  kind  of  subaqueous  dty,  where  the  people 
are  arranged  about  the  streets  and  roads,  in  such  a  manner, 
that  each  can  easily  appropriate  his  food  from  the  water  as  il 
passes  along."  In  the  compound  Infusoria,  the 


83  MOIIPHOLOOICAL  DEVELOPMEirr. 

component  units  remain  qnite  distinct.  Being,  as  flggre* 
gates  of  tHe  first  order,  mucli  more  definitely  organized, 
their  union  into  aggregates  of  the  second  order  does  not  de-* 
strGy  their  original  individnalities.  Among  the  Foriicella, 
of  which  tvro  kinds  are  delineated  in  Pigs.  144  and  145,  thcro 
are  yarioos  illustrations  of  this :  the  members  of  the  com- 
munity being  sometimes  appended  to  a  single  stem ;  some- 
times attached  by  long  separate  stems  to  a  common  base ;  and 
sometimes  massed  together. 

Thus  far,  theie  aggregates  of  the  second  order  exhibit  but 
indefinite  individualities.  The  integration  is  phpical ;  but 
not  physiologicaL  Though,  in  the  Tfiala8si4:oll(v,  there  is  a 
shape  that  has  some  8}Tnmetry ;  and  though,  in  the  Fora- 
mini/era,  the  formation  of  successive  chambers  proceeds  in  such 
methodic  Tvays,  as  to  produce  quite-regular  and  tolerably-spe-  ;' 
cific  shells ;  yet  no  more  in  these  than  in  the  Sponges  or  the^r ' 
compound  VorticeUcB,  do  ive  find  such  co-ordination  as  gives 
the  whole  a  life  predominating  over  the  lives  of  its  parts. 
We  have  not  yet  reached  an  aggregate  of  the  second  order, 
so  individuated  as  to  be  capable  of  serving  as  a  unit  in  still 

higher   combinations.    .'But  in 
the  class   Coslenterata,  this  ad-    / 
Vance  is  dispbiyed.     The  com-    ! 
mon  fTycZra,  habitually  taken  as   \ 
the  type  of  the  lowest  division/ 
of   this    class,'  has   specialized^ 
parts  performing  mutually-subservient  functions ;  and  thu8^ 
exhibiting  a  total  life  distinct  from  the  lives  of  the  units; 
Fig.  146  represents  one  of  these  creatures  in  its  contracted 
state  and   in  its   expanded  state;   while   Fig.  147   is  a 
rude    diagram    from    memory  showing  the  wall   of   this  \ 
creature's    sack-like  body  as    seen  in    section  under  the/ 
microscope :    a   and   h  being  the  outer  and  inner  cellular 
layers ;    while   in    the    central   space  between   them,    ia 
that    nucleated    substance,   or    sarcode,     or    protoplasm,' 
in  which  the  cells  originate.      But  this  lowly-organized 
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Ltes  a  phase  of  integratiuD  in 
aggregates  ore  onljr  par- 
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body  and  tentacles,  to  the  pro- 
to  among  Khizopods ;  we  may 
ivements  and  other  actions  of  a 
independent  co-operation  of  tho 
iposing  it. 

^e  before  saw  among  plants,  we 
^nimol^— the  truth  that  as  soon  as 
Jes  of  the  first  order  into  o^regates 
tees  compound  wholes  so  specific  in 
[d  so  mutually  dependent  in  their 
tdlYidualities ;  there  simultaneonsly 
&i  to  produce,  by  gemmation,  other 
{pnd  order.  The  approach  towards 
fganism,  is,  by  implication,  an  ap- 
^ch  growth  passing  a  certain  point. 
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Tision  of  the  Coelenierata,  known  as  tlie  Adinozoa.  Here,  too, 
we  have  a  group  of  species — the  Sea-anemonies — ^the  individ- 
uals of  which  are  solitary.  Here,  too,  we  have  agamogenetic 
multiplication:  occasionally  by  gemmation,  but  more  fre- 
quently by  that  modified  process  called  spontaneous  fission. 
And  here,  too,  we  have  compound  forms  resulting  from  tho 
arrest  of  this  spontaneous  fission  before  it  is  complete.  To 
give  examples  is  needless ;  since  they  would  but  show,  in 
more  varied  ways,  the  truth  already  made  sufficiently  clear, 
that  the  compoimd  Coelentcrata  are  aggregates  of  the  third 
order,  produced  by  integration  of  aggregates  of  the  second 
order  such  as  we  have  in  the  Hydra,  As  before,  it  is 
manifest  that  on  the  hypothesis  of  evolution,  these  higher  in- 
tegrations will  insensibly  arise,  if  the  separation  of  the  gcm- 
miparous  polypes  is  longer  and  longer  postponed ;  and  that  an 
increasing  postponement  will  result  by  survival  of  the  fittest, 
if  it;  profits  the  group  of  individuals  to  remain  united  instead 

of  dispersing. 
• 

§  203.  The  like  relations  exist,  and  imply  that  the  like 
^processes  have  been  gone  through,  among  those  more  highly- 
organized  animals  called  MoUuscoida,  We  have  solitary 
iindividuals,  and  we  have  variously-integrated  groups  of  indi- 
viduals :  the  chief  difference  between  the  evidence  here  fur- 
nxshed,  and  that  furnished  in  the  last  case,  being  the  absence 
of  a  type  obviously  linking  the  solitary  state  with  the  aggre- 
gated state. 

It  is  now  an  accepted  belief  that  the  creatures  named  Bretch  t- 
qpodaf  very  abundant  in  the  so-called  palsBozoio  times,  but  at 
present  comparatively  rare,  are  akin  in  structure  to  the 
Folyzoa  ;  widely  as  they  differ  from  them  in  size.  If  we  can- 
not fairly  say  that  by  union  of  many  Brachiopods  there  would 
be  produced  a  compoimd  animal  like  a  Polyzoon;  yet  we  may 
fairly  say  that  were  a  small  imperfectly-developed  Brachiopod 
united  with  others  like  itself,  a  Polyzoon  would  result  This  in- 
tegration of  aggregates  of  the  second  order,  is  carried  on  among 
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kind  is  drawn  on  a  small  scale  in  Fig.  159,  and  a  portion  of 
tho  same  on  a  larger  scale  in  Fig.  158,  there  is  a  combination 
of  the  indiriduals  into  annular  clusters,  which  are  themselves 
imbedded  in  a  common  gelatinous  matrix.  And  in  this 
group  there  are  integrations  even  a  stage  higher,  in  which 
several  such  clusters  of  clusters  grow  from  a  single  base. 
Here  the  compounding  and  re-compounding,  appears  to 
bo  carried  further  than  anywhere  ebe  in  tho  animal 
kingdom. 

Thus  far,  however,  among  these  aggregates  of  tho  third 
order,  we  see  what  we  before  saw  among  the  simpler  aggre- 
gates of  the  second  order — ^we  see  that  tho  component  indi- 
vidualities are  but  to  a  very  small  extent  subordinated  to  the 
individuality  made  up  of  them.  In  nearly  all  the  forms  in- 
dicated, the  mutual  dex)endence  of  the  united  animals  is  so 
slight,  that  they  are  more  fitly  comparable  to  societies,  of 
wXiich  tho  members  co-operate  in  securing  certain  common 
betncfits.  There  is  scarcely  any  specialization  of  functions 
among  them.  Only  in  the  last  type  described  do  we  see  a 
number  of  individuals  so  completely  combined  as  to  simulate 

, '  a  single  individual  And  even  here,  though  there  appears  to 
be  an  intimate  commimity  of  nutrition,  there  is  no  physio- 

i  logical  integration  beyond  that  implied  in  several  mouths  and 

V  stomachs  having  a  common  vent. 
1  ^ 

\^  §  204.  We  come  now  to  an  eztremi^^terestuig  ques- 
tion. Does  there  exist  in  other  sub-kingdoms  composition  of 
tho  third  degree,  analogous  to  that  which  we  have  found  so 
prevalent  among  the  Coslcnterata  and  the  MoUmcoida  9  The 
'question  is  not  whether  elsewhere  there  are  tertiary  aggregates 
produced  by  the  branching  or  clustering  of  secondary  aggre- 
gates, in  ways  like  those  above  traced ;  but  whether  elsewhere 
there  are  aggregates  which,  though  otherwise  unlike  in  the 
arrangement  of  their  parts,  nevertheless  consist  of  parts  so 
similar  to  one  another  that  we  may  suspect  them  to  be 

'  united  secondary  aggregates.    The  various  compound  typeg 
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above  described,  in  which  the  united  aniniala  maintain  their 
individualities  so  distinctly  that  the  individuality  of  the 
<^8rgrog&te  remains  vague^  are  constructed  in  such  ways  that 
the  united  animals  carry  on  their  several  activities  with    , 
scarcely  any  mutual  hindrance.    The  members  of  a  branched 
Hydrozoon  such  as  is  shown  in  Fig.  149  or  Fig.  150,  are  so 
placed  that  they  can  aU  spread  their  tentacles  and  catch 
their  prey  as  well  as  though  separately  attached  to  stones  or 
weeds.    Packed  side  by  side  on  a  flat  suriace  or  forming  a  tree- 
like assemblage,  the  associated  individuals  among  the  Pohjzoa 
are  not  unequally  conditioned ;  or  if  one  has  some  advantage 
over  another  in  a  particular  case,  the  mode  of  growth  and 
the  relations  to  surrounding  objects  are  so  irregular  as  to 
prevent  this  advantage  re-appearing  with  constancy  in  suc- 
cessive generations.    Similarly  with  the  Ascidians  growing 
from  a.stolon  or  those  forming  an  annular  cluster :   each  oi' 
them  is  as  well  placed  as  every  other  for  drawing  in  tihe 
currents  of  sea-water  from  which  it  selects  its  food.      In 
these  cases  the  mode  of  aggregation  does  not  expose  the' 
united  individuals  to  multiform  circumstances ;   and  there- 
fore is  not  calculated  to  produce  among  them  any  structural  . 
multiformity.    For  the  same  reason  no  marked  physiologi- 
cal division  of  labour  arises  among  them ;  and  consequently 
no  combination  close  enough  to  disguise  their  several  indi-  \ 
vidualities.    But  under  converse  conditions  we  may  expect  | 
converse  results.    If  there  is  a  mode  of  integration  which: 
necessarily  subjects  the  united  individuals  to  unlike  sets  of 
incident  forces,  and  does  this  with  complete  unifoimity  from. 
generation  to  generation,  it  is  to  be  inferred  that  the  united 
individuals  will  become  unlike.    They  will  severally  assume! 
such  dififerent  functions  as  their  different  positions  enable, 
them  respectively  to  carry  on  with  the  greatest  advantage  to 
the  assemblage.     This  heterogeneity   of  function  arising 
among  them,  will  be  followed  by  heterogeneity  of  structure ;  / 
as  also  by  that  closer  combination  which  the  better  enables  ,' 
them  to  utilize  one  another's  functions.    And  hence,  whilo  / 
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tlie  originallj-like  indiyiduals  are  rendered  \mlikc>  they  will 
have  their  homologies  further  obscured  by  their  progressing 
fusion  into  an  aggregate  individual  of  a  higher  order. 

These  converse  conditions  are  in  nearly  all  cases  fulfilled 
where  the  successive  individuals  arising  by  continuous  dcvel- 
f^ment  are  so  budded-off  as  to  form  a  linear  series.  I  say 
in  nearly  all  cases,  because  there  are  some  types  in  which 
the  associated  individuals,  though  joined  in  single  file,  arc 
not  thereby  rendered  very  unlike  in  their  relations  to  the 
environment;  and  therefore  do  not  become  differentiated  and 
Integrated  to  any  considerable  extent.  I  refer  to  such  Asci- 
dians  as  the  Salpidw.  These  creatures  float  passively  in  the 
x^a,  attached  together  in  strings.  Being  placed  side  by  side 
and  having  mouths  and  vents  that  open  laterally,  each  of 
^.hem  is  as  well  circumstanced  as  its  neighbours  for  absorb- 
ings and  emitting  the  surroimding  water ;  nor  have  the  in- 
dividnals  at  the  two  extremities  any  marked  advantages 
over  the  rest  in  these  respects.  Hence  in  this  type,  and  in 
the  allied  type  Pyrosomaj  which  has  its  component  indivi- 
duals bmlt  into  a  hollow  cylinder,  linear  aggregation  may 
ozist  without  the  minor  individuaUties  becoming  obscured 
and  the  major  individuality  marked :  the  conditions  imder 
which  a  differentiation  and  integration  of  the  component 
iiidividuals  may  be  expected,  are  not  fulfilled.  But  where 
the  chain  of  individuals  produced  by  gemmation,  is  either 
habitually  fixed  to  some  solid  body  by  one  of  its  extremities 
or  moves  actively  through  the  water  or  over  submerged 
stones  and  weeds,  the  several  members  of  the  chain  become 
differently  conditioned  in  the  way  above  described ;  and  may 
therefore  be  expected  to  becomie  unlike  while  they  become 
xmited.  A  clear  idea  of  the  contrast  between  these  two 
linear  arrangements  and  their  two  divei^  results,  will  be 
obtained  by  considering  what  happens  to  a  ro^  of  soldiers, 
when  changed  from  the  ordinary  position  of  a  single  rank 
to  the  position  of  Indian  file.  So  long  as  the  men  stand 
shoulder  to  shoulder,  they  are  severally  able  to  use  their 
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weapons  in  like  vmjs  with  like  efficiency;   and  could^  ii 
colled  on,  similarly  perform  various  mannal  processes  directly 
or  indirectly  conducive  to  their  welfare.    But  when  on  the 
word  of  command  "right  face/'  they  so  place  themsdvcc 
that  each  has  one  of  his  neighbours  before  him  and  onothci 
behind  him,  nearly  all  of  them  become  incapacitated  foi 
fighting  and  for  many  other  actions.     They  can  walk  or  rur 
one  after  another,  so  as  to  produce  movement  of  the  file  ir 
the  direction  of  its  length ;  but  if  the  file  has  to  oppose  an 
enemy  or  remove  an  obstacle  lying  in  the  line  of  its  march, 
the  front  man  is  the  only  one  able  to  use  his  weapons  o? 
hands  to  much  purpose.    And  manifestly  such  an  arrange- 
ment could  become  advantageous  only  if  the  front  man  pos 
scsscd  powers  peculiarly  adapted  to  his  position,  while  those 
behind  him  facilitated  his  actions  by  carrying  supplies,  &a. 
This  simile,  grotesque  as  it  seems,  serves  to  convey  h^fAei 
perhaps  than  any  other  could  do,  a  clear  idea  of  the  relations 
that  must  arise  in  a  chain  of  individuals  arising  by  g^^nma* 
tion,  and  continuing  permanently  united  end  to  end.  ^  Such 
a  chain  can  arise  by  natural  selection,  only  on  condition  that 
combination  is  more  advantageous  than  separation ;  and  fozr 
it  to  be  more  advantageous^  the  anterior  members  of  the  series 
must  become  adapted  to  functions  fSacilitated  by  their  posi- 
tions, while  the  posterior  members  become  adapted  to  func- 
tions which  their  positions  permit.    Hence,  survival  of  tKiet 
fittest  must  tend  continually  to  establish  types  in  which  0iei 
jconnected  individuals  are  more  unlike  one  another,  at, the: 
same  time  that  their  several  individualities  are  more  dis-i 
guised  by   the   integration   consequent    on   their  mutual, 
dependency!  / 

Such  being  the  anticipations  warranted  by  the  general 
laws  of  evolution,  we  have  now  to  inquire  whether  the*)e 
are  any  <^T»itnft1a  which  fulfil  them.  Yery  little  search 
suffices ;  for  structures  of  the  kind  to  be  expected  are  abund- 
ant. In  that  great  division  of  the  animal  kingdom  called 
Annuhaaf  especially  if  the  Annuloida  be  regarded  as  part  t)f 
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it,  we  find  a  yariety  of  types  having  the  looked-for  charac- 
ters.   Let  us  contemplate  some  of  them. 

§  205.  An  adult  Annelid  is  composed  of  segments  which 
repeat  one  another  in  their  details  tis  well  as  in  their  general 
shapes.  Dissecting  one  of  the  lower  orders,  such  as  is 
jiown  in  Fig.  160,  proves  that  the  successive  segments,  bc- 


iiiles  having  like  locomotive  appendages,  like  bronchisB,  and 
iomdtimes  even  like  pairs  of  eyes,  also  have  like  internal 
organs.  Each  has  its  enlargement  of  the  alimentary  canal ; 
3ach  its  contractile  dilatation  of  the  great  blood-vessel ;  each 
Its  portion  of  the  double  nervous  cord,  with  ganglia  when 
^hese  exist ;  each  its  branches  from  the  nervous  and  vascular 
runks  answering  to  those  of  its  neighbours ;  each  its  simi- 
c^ly  answering  set  of  muscles ;  each  its  pair  of  openings 
tliirough  the  body- wall ;  and  so  on  throughout,  even  to  the 
3]^fans  of  reproduction.  That  is  to  say,  every  segment  is  in 
great  measure  a  physiological  whole— every  segment  con- 
tains most  of  the  organs  essential  to  individual  life  and  mul- 
tiplication: such  essential  organs  as  it  does  not  contain, 
being  those  which  its  position  as  one  in  the  midst  of  a  chain, 
pjrevents  it  &om  having  or  needing.  If  we 

a^k  what  is  the  meaning  of  these  homologies,  no  adequate 
tLT^wet  is  supplied  by  any  current  hypothesis.  That  this 
'*  vegetative  repetition "  is  carried  out  to  fulfil  a  prede- 
termined plan,  was  shown  to  be  quite  on  untenable  notion 
(§^  133,  134).  On  the  one  hand,  we  found  nothing  satis- 
Ci^tory  in  the  conception  of  a  Creator  who  prescribed  to  him- 
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self  a  certain  unit  of  composition  for  all  creatures  of  a  par 
ticulor  class,  and  then  displayed  liis  ingenuity  in  building  u[ 
a  great  variety  of  forms  without  departing  from  the  "  arche- 
typol  idea."  On  the  other  hand,  examination  made  it  mani-t 
fest  that  even  were  such  a  conception  worthy  of  being  enter- 
tained, it  would  have  to  be  relinquished ;  since  in  each  class 
there  are  numerous  deviations  from  the  supposed  "  archetypal 
idea."  Still  less  con  these  traits  of  structure  be  accountec 
for  teleologically.  That  certain  organs  of  nutrition  and  re* 
spiration  and  locomotion  are  repeated  in  each  segment  of  i 
dorsibranchiate  annelid,  may  be  regarded  as  functionally  ad 
vantageous  for  a  creature  following  its  mode  of  life.  Bm 
why  should  there  be  a  hxmdred  or  even  two  hundred  pairs  o 
ovaries?  This  is  an  arrangement  at  variance  with  thai 
physiological  division  of  labour  which  every  organism  pn^ 
fits  by — ^is  a  less  advantageous  arrangement  than  might  harve 
been  adopted.  That  is  to  say,  the  hypothesis  of  a  desi^ec 
adaptation  fails  to  explain  the  facts.  Contrariwise 

these  structural  traits  are  just  such  as  might  natundly  be 
looked  for,  if  these  annulose  forms  have  arisen  by  the  in- 
tegration of  simpler  forms.  Among  the  various  compounr' 
nni'mftla  already  glanced  at,  it  is  very  general  for  the  unite*  <j 
individuals  to  repeat  one  another  in  aU  their  parts — repro^' 
ductive  organs  included.  Hence  if,  instead  of  a  clustered  Aif 
branched  integration,  such  as  the  Cceknieraia  and  MoUu9co^A 
exhibit,  there  occurs  a  longitudinal  integration ;  we  may/ex4 
pect  that  the  united  individuals  will  habitually  indicate  theii; 
original  independence  by  severally  bearing  genn-producin^ 
or  sperm-producing  organs.  7| 

The  reasons  for  believing  one  of  these  creatures  to  bo  isod 
aggregate  of  the  third  order,  are  greatly  strengthened  whlent 
we  turn  from  the  adult  structure  to  the  mode  of  develop-i 
ment.  Among  the  Dwrsibranehiata  and  TubieolcB,  the  ^* 
bryo  leaves  the  egg  in  the  shape  of  a  ciliated  gemmule,  not 
much  more  differentiated  than  that  of  a  polype.  As  shorynr 
in  Fig.  162,  it  is  a  nearly  globular  mass ;  and  its  interior 
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consists  of  tintransfoxmed  cells.  The  first  appreciable  change 
is  on  elongation  and  a  simultaneous  commencement  of  seg« 
mentation.  The  segments  multiply  by  a  modified  gemma- 
tion, which  takes  place  &om  the  hinder  end  of  the  penultimate 
segment.  And  considerable  progress  in  marking  out  these 
divisions  is  made  before  the  internal  organization  begins. 
Figs.  IG'3, 164, 165,  represent  some  of  those  early  stages.    In 


iS2 
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Annelids  of  other  orders,  the  embryo  assumes  the  segmented 
f6:nn  while  still  in  t}ie  egg.  But  it  does  tlus  in  just  the 
saijae  manner  as  before.  Indeed,  the  essential  identity  of  the 
two  modes  of  derelopment  is  shown  by  the  fact  that  the  seg- 
mentation within  the  egg  is  only  partially  carried  out :  in 
all  these  types  the  segments  continue  to  increase  in  number 
for  some  time  after  birth.  Now  this  process  is  as 

like  that  by  which  compound  animals  in  general  are  formed, 
\as  the  different  conditions  of  the  case  permit.  When  new 
individuals  are  budded-out  laterally,  their  xmfolding  is  not 
iiindered — ^there  is  nothing  to  disguise  either  the  process  or 
tBie  product.  But  gemmce  produced  one  from  another  in  the 
same  straight  line,  and  remaining  connected,  restrict  one 
,  another's  developments ;  and  that  the  resulting  segments  are 
6o  many  gemmiparously^produced  individuals,  is  necessarily 
less  obvious. 


\  §206.  Evidence  remains  which  adds  very  greatly  to  the 
weight  of  that  already  assigned.  Thus  far  we  have  studied 
only  the  indi>'idual  annulose  animal ;  considering  what  may 
bo  inferred  from  its  mode  of  evolution  and  final  organization. 

1 
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T7e  luLve  now  to  study  axmulose  ftT^imnla  in  general.  Com- 
parison of  them  will  disclose  yarions  phases  of  progressive 
integration  of  the  kind  to  be  anticipated. 

Among  the  simpler  AnnuUAda^  as  in  the  NenierHdai  and  in 
some  kinds  of  Pianaria,  transverse  fission  occurs.    A  por- 
tion of  a  PlanaHa  separated  by  spontaneous  constriction, 
becomes  an  independent  individoaL    Sir  J.  G.  DalycU  found 
that  in  some  cases  numerous  fragments  artificially  separated, 
grew  into  perfect  animals.     In  these  annuloids  which  thus 
remind  us  of  the  lowest  Hijdi'ozoa  in  their  powers  of  agamo- 
genetic  multiplication,  the  individuals  produced  one  from 
another,  do  not  continue  connected.     As  the  yoimg  ones 
laterally  buddcd-off  by  the  Hydra  separate  when  complete, 
so  do  the  young  ones  longitudinally  budded-off  by  the  Pla- 
naria.     Fig.  166  indicates  this.    But  there  are  allied  types 
which  show  us  a  more  or  less  persistent  union  of  homologoiv^ 
parts,  or  individuals,  similarly  arising  by  longitudinal  geml- 
mation.     The  cestoid  £niosoa  furnish  illustrations.    Without 
dwelling  on  the  fiEU)t  that  each  segment  of  a  Tcenia^  like  eiu^h 
separate  Planaria,  is  an  independent  hermaphrodite,  or  on  the 
fact  that  both  develop  their  ova  by  the  peculiar  method  of 
forming  germinal  vesicles  in  one  canal  and  surrounding  them 
with  yelk  that  is  secreted  in  another  canal;  and  without^ 
specifying  the  sundry  common  structural  traits  which  add'> 
probability  to  the  suspicion  that  there  is  some  kinship  beni^ 
tween  the  individuals  of  the  one  order  and  the  segments  o^ 
the  other ;  it  will  suffice  to  point  out  that  the  two  types  a^ 
so  far  allied  as  to  demand  their  union  under  the  same  sub- 
class title.    And  recognizing  this  kinship,  we  see  significance 
in  the  fact  that  in  the  one  case  the  longitudinally-produced, 
gemmao  separate  as  complete  individuals,  and  in  the  othet 
continue  united  as  segments  in  smaller  or  larger  numberat 
and  for  shorter  or  longer  periods.    In  T<mia  echimeoccuB^ 
represented  in  Fig.  167,  we  have  a  species  in  which  the 
number  of  segments  thus  united  does  not  exceed  four.    Id 
Echinoboihrium  typm  there  are  eight  or  ten  ;  and  in  costoidis 
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generally  they  are  numerous.*  A  considerable 

hiatus  occurs  between  this  phase  of  integration  and  the  next 
higher  phase  which  we  meet  with;  but  it  is  not  greater 
than  the  hiatus  between  the  types  of  the  Annuloida  and  the 
Annelida^  which  present  the  two  phases.  Though  it  is 
doubtful  whether  separation  of  single  segments  occurs  among 
the  Annelida,  yet  very  often  we  find  strings  of  segments, 
arising  by  repeated  longitudinal  budding,  which  after  reach- 
ing certain  lengths  undergo  spontaneous  fission :  in  some 
cases  doing  this  so  as  to  form  two  or  more  similar  strings 
of  segments  constituting  independent  individuals;  and  in 
other  cases  doing  it  so  that  the  segments  spontaneously 
soparatcd  are  but  a  small  part  of  the  string.  Thus  a  St/i/isj 
Fig.  1G8,  after  reaching  a  certain  length,  begins  to  trans- 


form itself  into  two  individuals :  one  of  the  posterior  seg- 
.  ments  develops  into  a  head,  and  simultaneously  narrows  its 
'  connexion  with  the   preceding    segments,  firom  which  it 

*  I  And  that  the  Ktaona  for  regardiog  the  segment  of  t  Tania  ai  answering 

to  an  indindnal  of  the  seeond  order  of  aggregation,  ere  orach  stronger  than  I  sup- 

.pbsed  when  writing  the  ahore.    Van  Beneden  sajs  :^*'  Le  Proglottis  (segment) 

-ayant  acquis  tout  son  ddreloppement,  se  d^tache  ordinairement  de  la  colonie  et 

('  oontinoe  encore  h  crottre  dans  I'intestin  da  mSme  animal ;  il  change  memo  soa- 

^'|Tent  de  forme  et  semble  doa£  d'one  nonreUe  rie ;  ses  angles  iTeffacent,  tout  le  corps 

y  arrondit,  et  il  nage  comme  nne  Planaire  an  milieu  des  mnaeosit6s  intestinalsa." 

Vol.  n.  5 
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eventually  separates.  Still  more  remarkable  is  the  extent  to 
vrhiclithis  process  is  carried  in  certain  kindred  types;  wldch 
exhibit  to  us  several  individuals  thus  being  simultaneously 
formed  out  of  groups  of  segments.  Fig.  169,  copied  (omit- 
ting the  appendages)  from  one  contained  in  a  memoir 
by  M.  Milne-Edwards,  represents  six  worms  of  different 
ages  in  course  of  development :  the  terminal  one  being  the 
eldest,  the  one  having  the  greatest  nimiber  of  segments, 
and  the  one  that  will  first  detach  itself;  and  the  success- 
ively anterior  ones,  with  their  successively  smaller  numbers 
of  segments,  being  successively  less  advanced  towards  fitness 
for  separation  and  independence.  Here  among  groups  of 
segments  we  see  repeated  what  in  the  previous  cases  occurs 
with  single  segments.  And  then  in  other  Annelids.we  find  that  . 
the  string  of  segments  arising  by  gemmation  from  a  single 
germ  becomes  a  permanently  united  whole :  the  tendency  to 
any  more  complete  fission  than  that  which  marks  out  the  seg«' 
ments,  being  lost ;  or,  in  other  words,  the  integration  having 
become  relatively  complete.  Leaving  out  of  sight  t)ie 

question  of  alliance  among  the  types  above  grouped  together, 
that  which  it  here  concerns  us  to  notice  is,  that  longitudinal 
gemmation  does  go  on ;  that  it  is  displayed  in  that  primitive  • 
form  in  which  the  gemmaa  separate  as  soon  as  produced ;  that } 
wo  have  types  in  which  such  gemmae  hang  together  in/ 
groups  of  four,  or  in  groups  of  eight  and  ten,  from  which^i 
however  the  genmue  successively  separate  as  individuals^' 
that  among  higher  types  we  have  long  strings  of  similarly- 
formed  gemmse  which  do  not  become  individually  independ- 
ent, but  separate  into  organized  groups;  and  that  from 
these  we  advance  to  formalin  which  all  the  gemnue  remain  / 
parts  of  a  single  iodividual.  One  other  significants 

class  of  facts  must  be  added.    A  few  cases  have  been  pointed  / 
out,  one  of  them  quite  recently,  in  which  Annelids  mul-jr' 
tiply  by  lateral  gemmation.    M.  Fagenstecher  alleges 
of  Uie  JExogone  gemmifera :  describing  a  certain  number  of 
the  segments  of  the  body  as  severally  bearing  on  their  do 


\ 
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gurfaces  a  bud  on  each  side.  And  M.  L.  Yoillant,  after 
citing  tliis  observation  of  M.  PagenBtecherj  gives  an  account 
of  a  species  of  SfflUs  in  which  a  great  number  of  buds  were 
borne  by  a  single  segment.  That  the  longitudinally-produced 
gemmm  which  compose  an  Annelid,  should  thus  have,  one  of 
them  or  several  of  them,  the  power  of  laterally  budding-off 
gemnue,  from  which  no  doubt  other  annelids  arise,  gives  fur- 
ther support  to  the  hypothesis  that,  primordially,  the  seg* 
ments  were  independent  individuals.  And  it  suggests  this  be- 
lief the  more  strongly  because,  in  certain*  types  of  Ccelenteraia, 
we  see  that  longitudinal  and  lateral  gemmation  do  occur  to- 
gether, where  the  longitudinally-united  gemmae  are  demon- 
strably independent  individuals. 

§  207.  It  would  add  to  the  probability  of  this  conclusion 
could  we  identify  the  type  out  of  which  the  annulose  type 
may  have  arisen  by  the  process  of  integration.  I  believe 
there  may  be  pointed  out  such  a  type — a  type  which,  by  a 
slight  modification  carrying  somewhat  further  an  habitual 
mode  of  development,  would  produce  not  only  a  unit  of  com- 
position for  the  annulose  type,  but  also  as  a  bond  uniting  it 
with  the  other  types,  and  these  with  one  another.  It  is  un- 
desirable, however,  here  to  enter  upon  the  numerous  explan- 
ations involved  by  opening  the  question  of  these  relation- 
ships ;  both  because  it  would  necessitate  a  long  digression, 
encumbering  too  much  the  general  argument,  and  because, 
being  highly  speculative,  it  would  be  impolitic  to  let  tha 
general  argument  be  even  apparently  implicated  by  it. 
But  even  supposing  it  impossible  now  to  identify  the  unit  of 

^  composition  of  the  annulose  type,  the  foregoing  evidence  still 

^  goes  fax  towards  showing  that  an  annulose  animal  is  an  aggro- 
gate  of  the  third  order.    This  repetition  of  segments,  some- 

',  times  numbering  several  hundreds,  like  one  another  in  all 
their  organs  even  down  to  those  of  reproduction,  while  it  is 

''  otherwise  tmaccountable,  is  fully  accounted  for  if  these  seg- 
ments  are  homologous  with  the  separate  individuals  of  some 
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lower  type.  The  gemmatioii  by  whicli  these  segments  are  pro* 
ducedy  is  as  similar  as  the  conditions  allow,  to  the  gemmation 
by  which  compotmd  animals  in  general  are  produced.  As 
among  plants  and  as  among  demonstrably-componnd  animalsy 
wo  see  that  the  only  thing  required  for  the  formation  of  a  per- 
nuincnt  chain  of  gemmiparously-produced  individuals,  is  that 
by  remaining  associated,  such  individuals  will  have  advantages 
greater  than  are  to  be  gained  by  separation.  Further,  by 
comparison  of  the  annuloid  and  lower  annulose  fonns,  we 
discover  a  number  of  those  transitional  phases  of  integration 
which  the  hypothesis  leads  us  to  expect  And,  lastly,  the 
differences  among  these  tmited  individuals  or  successive 
segments,  are  not  greater  than  the  differences  in  their  posi- 
tions and  functions  explain — ^not  greater  than  such  differences 
are  known  to  produce  among  other  united  individuals :  wit-  ^ 
ness  sundry  compound  Hydrosoa.  { 

Indirect  evidence  of  much  weight  has  stiU  to  be  given. ,/' 
Thus  &r  we  have  considered  only  the  less-developed  Annu-* 
lo$a.  The  more  integrated  and  more  differentiated  types  of 
the  class  remain.  If  in  them  we  find  a  carrying  further  of 
the  processes  by  which  the  lower  types  are  here  supposed  to 
have  been  evolved,  we  shall  have  additional  reason  for  be- 

• 

lieving  them  to  have  been  so  evolved.    If  we  find  that  in    / 
these  superior  orders  the  individualities  of  the  united  seg-  y  ■' 
ments  are  much  less  pronounced  than  in  the  inferior,  we  / 
shall  have  grounds  for  suspecting  that  in  the  inferior  the  / 
individualities  of  the  segments  are  less  pronotmced  than  im 
those  lost  forms  which  initiated  the  annulose  8ub«>kingdom. 


<■ 

I 


/ 


t 
I 
t 


cnAPTEU  V. 

THE  MOEPIIOLOGICAL  COMPOSITION  OF  AKniJlLS^ 

CONTINUED. 

S  208.  Insects,  Araclinids,  Crustaceans,  and  ]Iyriapo(b, 
are  all  members  of  that  higher  division  of  tho  Annulosa  called 
Ariiculata  or  Arthropoda.    Though  in  tiliese  creatures  the 
formation  of  segments  may  be  interpreted  as  a  disguised 
gemmation ;  and  though  in  some  of  them  the  number  of  seg- 
ments increases  by  this  modified  budding  after  leaving  the 
eggi  08  among  the  higher  Annelids ;  yet  the  process  is  not 
nearly  so  dominant:  the  segments  are  usually  much  less 
numerous  than  we  find  them  in  the  types  last  considered. 
In  most  cases,  too,  the  segments  are  in  a  greater  degree  dif- 
ferentiated one  from  another,  at  the  same  time  that  they 
are  severally  more  differentiated  mthin  themselves.    Nor  is 
there  any  instance  of  spontaneous  fission  taking  place  in  the 
'  .  series  of  segments  composing  an  articulate  animaL    On  tho 
.^contrary,  the  integration,  always  great  enough  permanently 
'.   to  unite  the  segments,  is  frequently  carried  so  far  as  to  hide 
\    very  completely  the  individualities  of  some  or  many  of  them ; 
\  and  occasionally,  as  among  the  Acarip  the  consolidation,  or 
•  the  arrest  of  segmentation,  is  so  decided  as  to  leave  scarcely 
')    a  trace  of  the  articulate  structure :  the  typo  being  in  these 
\    cases  indicated  chiefly  by  the  presence  of  those  charactcr- 
N  isticaUy-formed    limbs,   which  give  the  alternative  name 
\  Airthrqpoda  to  all  the  higher  Annulosa.    Omitting  the  para- 
sitic orders,  which,  as  in  other  cases,  are  aberrant  members  of 
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ful  observatioii  of  tliree  classes  of  fiicts — Hie  correspondences 
of  ports  in  the  successiye  *'  somites  "  of  on  adult  articulate 
animal;  the  still  more  marked  correspondences  of  sach 
ports  as  ihey  exist  in  the  embryonic  or  larval  articulate  ani- 
mal ;  and  the  maintenance  of  such  correspondences  in  some 
types,  which  are  absent  in  types  otherwise  near  akin  to  them. 
The  nature  of  the  conclusion  which  these  eyidences  unite  in 
supporting,  will  best  be  shown  by  the  annexed  copies  from 
the  lecture -diagrams  of  Prof.  Huxley;  exhibiting  the 
typical  structures  of  a  Myriapod,  on  Insect,  a  Spider,  and  a 
Crustacean,  with  their  relations  to  a  common  plan,  as  in- 
terpreted by  him. 

•   Insert  ^z  •  » 

Sfiidcr  /79 


iso 


Cammsn  JPian 


/47S 


HraH         TJierax  JLbdgmm 

/ss 


^^^ 


/n 
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^  Treating  of  these  homologies.  Prof.  Huxley  says  '*that  a 

Striking  uniformity  of  composition  is  to  be  found  in  the  heads 

^of,  at  any  rate,  the  more  highly  organized  members  of  these 

ibur  classes,  and  that,  typically,  the  head  of  a  Crustaoean, 

an  Arachnid,  a  Myriapod,  or  an  Insect,  is  composed  of  six 

)^mites  (or  segments  corresponding  with  those  of  the  body) 

•  ^and  their  appendages,  the  latter  being  modified  so  as  to 

y  serve  the  purpose  of  sensory  and  manducatory  organs." 

\  And  omitting  the  Myriapods,  he  also  finds  among  these 

^groups  the  further  unity  that  in  most  of  them  the  entire 

lanimol  contains  twenty  of  these  homologous  segments. 
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Thus  eTen  in  the  higlier  AnnuJoM,  the  mxicH  greater  conso. 
lidation  and  much  greater  heterogeneity  do  not  obliterate  the 
ovidence  of  the  fact,  that  the  organism  is  an  aggregate  ol 
the  third  order.     Beyond  all  question  it  is  divisible  into  a 
number  of  proximate  units^  each  of  which  has  essentially  the 
same  structure  as  its  neighbours,  and  each  of  which  is  an 
aggregate  of  the  second  order,  in  so  far  as  it  is  an  organized 
combination  of  those  aggregates  of  tho  first  order  which  we 
call  morphological  units  or  cells.      And  that  these  segments 
or  somites,  which  make  up  an  annulose  animal,  were  origin- 
ally aggregates  of  the  second  order  having  independent  in- 
dividualities, is  an  hypothesis  which  gathers  further  support 
from  the  contrast  between  the  higher  and  tho  lower  articu- 
late types,  as  well  as  from  the  contrast  between  the  Articit- 
lata  in  general  and  the  inferior  Annulosa.     For  if  that 
masking  of  the  individualities  of  the  segments  which  we  find 
distinguishes  the  higher  forms  from  the  lower,  has  been  goin^g 
on  from  the  beginning,  as  we  may  fairly  assume ;  it  is  to  ]oo 
inferred  that  the  individualities  of  the  segments  in  the  Ip^^er 
forms,  were  originally  more  marked  than  they  now  ore. 
Reversing  those  processes  of  change  by  which  the  most 
developed ^nnufo^a have  arisen  from  the  least  developed;   i 
and  applying  in  thought  this  reversed  process  to  the  Icoi^t   f 
developed,  as  they  were  described  in  the  last  Chapter ;  wo  } 
are  brought  to  the  conception  of  attached  segments  that  are  / 
completely  alike,  and  have  their  individualities  in  no  ap-j 
preciaUe  degree  subordinated  to  that  of  the  chain  they  com^ 
pose.    From  which  there  is  but  a  step  to  the  conception  6f 
gemmiparously-produced  individuals  which   severally  pai^ 


one  from  another  as  soon  as  they  are  formed. 


/ 


§209.  We  must  now  return  to  a  point  whence  we  dZ-r 
verged  some  time  ago.    As  before  explained  under  the  head ' 
of  Classification,  organisms  do  not  admit  of  uni-serial  ar-  ; 
rangementy  either  in  general  or  in  detail ;  but  everywhere/ 
form  groups  within  groups.     Hence,  having  traced  thii 


t 


THB  MORPHOLOGICAL  COMFOSITZON  OF  ANIMALS.        103 

phages  of  morphological  compositioii  up  to  the  highest  forma 
in  any  sub-kingdom,  we  find  ourselves  at  the  extremity  of  a 
great  bmnch,  from  which  there  is  no  access  to  another  great 
branch,  except  by  going  back  to  some  place  of  bifurcation  low 
doTtm  in  the  tree. 
The  nearest  relatives  of  the  Mollusca  are  those  moUuscoid 
\  forms  treated  of  early  in  the  last  Chapter.  A  Brachiopod  or 
a  solitary  Ascidian,  though  widely  unlike  a  Mussel  or  a 
Sauil  or  a  Cuttle-fish,  is  nearer  akin  to  them  than  is  any 
coelenterate  animal  or  annulose  ammal  or  vertebrate  animal. 
One  of  the  leading  distinctions,  however,  between  the  iUb/- 
luscoida  and  the  Mollusca^  considered  as  groups,  is  that 
whereas  the  MoUuscoida  are  very  frequently,  or  indeed 
generally,  compound,  the  MoUusca  are  invariably  single. 
No  true  MoUusk  multiplies  by  gemmation,  either  continuous 
\or  discontinuous ;  but  the  product  of  every  fertilized  germ  is 
k  single  individuaL 

\  It  is  a  significant  fact  that  here,  where  for  the  first  time 
wo  have  homogenesis  holding  throughout  an  entire  sub- 
kingdom,  we  have  also  throughout  an  entire   sub-king- 
dom no  case  in  which  the  organism  is  divisible  into  two, 
three,   or  more,  like  parts.     There  is  neither  any  such 
clustering  or  branching  as  a  coelenterato  or  molluscoid  ani- 
mal usually  displays ;  nor  is  there  any  trace  of  that  seg- 
mentation which  characterizes  the  Anntdosa.     Among  these 
Animals  in  which  no  single  egg  produces  several  individuals, 
no  individual  is  separable  into  several  homologous  divisions. 
^This  connexion  will  be  seen  to  have  a  probable  meaning,  on 
remembering  that  it  is  the  converse  of  the  connexion  which 
obtains  among  the  Annulosa,  considered^as  a  group. 
)  A  MoUusk,  then,  is  an  aggregate  of  the  second  order.    Not 
vvlj  in  the  adult  animal  is  there  no  sign  of  a  multiplicity  of 
;  like  ports  that  have  become  obscured  by  integration;   but 
y  there  is  no  sign  of  such  multiplicity  in  the  embryo.    And 
^>this  unity  is  just  as  conspicuous  in  the  lowest  Lamelli- 
vbranch  as  in  the  highest  Cephalopod. 


) 
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of  certain  doctrines  that  have  long  been  dominant,  and  havo 
fltill  a  wide  currency. 

Among  the  Vertebrata,  as  among  the  MoUusca^  homogenesis 
is  muTersoL  The  two  sub-kingdoms  are  like  one  another 
and  unlike  the  remaining  sub-kingdoms  in  this,  that  in 
all  the  tjrpes  thej  seycraUy  include,  a  single  fertilized  OTum 
\  produces  only  a  single  individual.  It  is  true  that  as  tho 
cgss  of  certain  Gasteropoda  occasionally  exhibit  spontaneous 
iission  of  the  vitelline  moss,  which  may  or  may  not  result  in 
the  formation  of  two  individuals ;  so  among  vertebrate  ani- 
mals we  now  and  then  meet  with  double  monsters,  which 
appear  to  imply  such  a  spontaneous  fission  imperfectly  car- 
ried out.  But  these  anomalies  servo  to  render  conspicu- 
ous-the  fact,  that  in  both  these  sub-kingdoms  tho  normal 
process  is  the  integration  of  the  whole  germ-mass  into  a 
.  single  organism,  which  at  no  phase  of  its  development  dis- 
plays any  tendency  to  separate  into  two  or  more  parts. 
r  Equally  OS  throughout  the  MoUu9ca  there  holds  throughout 
the  Veriebrata^  the  correlative  fact,  that  not  even  in  its  lowest 
any  more  than  in  its  highest  types,  is  the  body  divisible  into 
homologous  segments.  The  vertebrate  animal,  under  its 
simplest  as  under  its  most  complex  form,  is  like  the  mollusc- 
ous animal  in  this,  that  you  cannot  cut  it  into  transverse 
slices,  each  of  which  contains  a  digestive  organ,  a  respiratory 
organ,  a  reproductiye  organ,  &c.  The  organs  of  the  least- 
developed  fish  OS  well  as  those  of  the  most-deyeloped 
muunmol,  form  but  a  single  physiological  whole ;  and  they 
show  not  the  remotest  trace  of  having  ever  been  divisible 
^nto  two  or  more  physiological  wholes.  That  segmentation 
^hich  the  vertebrate  animal  usually  exhibits  throughout 
part  of  its  organization,  is  the  some  in  origin  and  meaning 
OS  the  segmentation  of  a  Chiton* b  shell ;  and  no  more  implies 
>n  the  vertebrate  animal  a  composite  structure,  than  do  the 
successive  pairs  ^of  bronchise  of  the  Doto  or  the  transverse  rows 
^  of  branchifls  in  the  Eolis,  imply  composite  structure  in  the 
'  molluscous  animal.    To  some  this  will  seem  a  very  question- 
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able  proposition ;  and  had  we  no  eyidence  beyond  that  wIiicK 
adult  yertebrate  animals  of  developed  tjrpes  supply,  it  would  be 
a  proposition  not  easy  to  substantiate.  But  abundant  support 
for  it  is  to  be  found  in  the  structure  of  the  yertebrate  cmbryoi 
and  in  the  comparative  morphology  of  tho  Vertehrata  in 
gcneraL 

Embryologists  teach  us  that  tho  jnimordial  relations  of 
parts  aro  most  clearly  displayed  in  the  early  stages  of  cvo-* 
lution ;  and  that  they  generally  become  partially  or  com- 
plctcly  disguised  in  its  later  stages.     Ilence,  were  the  verte- 
brate animal  on  the  same  level  as  the  annulose  animal  in    . 
degree  of  composition— did  it  similarly  consist  of  segments 
Avhich  are  homologous  in  the  sense  that  they  are  the  prox- 
imate units  of  composition;  we  ought  to  find  this  fimda- 
mental  fact  most  strongly  marked  at  the  outset.    As  in 
the  annelid-embryo,  the  first  conspicuous  change  is  the/ 
elongation  and  division  into  segments,  by  constrictions  thai 
encircle  the  whole  body ;  and  as  in  the  articulate  embryo, 
the  blastoderm  becomes  marked  out  transversely  into  piec'cs 
which  exteud  themselves  round  the  yelk  before  the  internal 
organization  has  made  any  appreciable  progress ;  so  in  the 
embryo  of  every  vertebrate  animal,  had  it  an  analogous  com- 
position, the  first  decided  change  should  be  a' segmentation  / 
implicating  the  entire  mass.    But  it  is  not  so.    Sundry  im-  \ 
portant  difierentiations  occur  before  any  divisions  begin  to  | 
show  themselves.    There  is  the  defining  of  that  elongated^ 
elevated  area  with  its  longitudinal  groove,  which  becomes  tl^e 
seat  of  subsequent  changes ;  there  is  the  formation  of  the 
notochord  lying  beneath  this  groove ;  there  is  the  growtl^ 
upwards  of  the  boundaries  of  the  groove  into  the  dorsal 
lamina),  which  rapidly  develop  and  fold  over  in  the  region  of 
the  head.    Bathke,  as  quoted  and  indorsed  by  Prof.  Huzlej;^ 
describes  the  subsequent  changes  as  follows : — "  The  gelatin-^ 
ous  investing  mass,  which,  at  first,  seems  only  to  constitute 
a  band  to  the  right  and  to  the  left  of  the  notochord,  forms  ( 
aroimd  it,  in  the  further  course  of  development,  a  aheath,  ' 


/ 
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which  ends  in  a  point  posteriorly.  Anteriorly,  it  sends  out 
two  processes  which  underlie  the  lateral  parts  of  the  skull, 
but  very  soon  coalesce  for  a  longer  or  shorter  distance.  Pos- 
teriorly, the  sheath  projects  but  little  beyond  the  notochord ; 
but,  anteriorly,  for  a  considerable  distance,  as  far  as  the  in- 
fundibuluxn.  It  sends  upwarrls  two  plates,  which  embrace 
the  future  central  parts  of  the  nervous  system  laterally,  pro- 
bably throughout  their  entire  length,"  All  this  precedes 
segmentation.  Coifisidered  under  its  broadest  aspects,  the 
process  is  directly  opposed  to  the  process  among  the  Aii' 
nuloaa.  Whereas  among  the  Ammlosa  the  first  step  is  the 
resolution  of  the  germ-moss  or  of  the  blastoderm  into  seg- 
ments, which  may  or  may  not  afterwards  become  inte- 
grated; in  the  Vertebrata  the  first  step  is  the  marking 
out  on  the  blastoderm  of  an  integrated  structure  within 
which  segments  subsequently  appear.  When  these  do  ap- 
pear, they  are  for  some  time  limited  to  the  middle  region  of 
the  spinal  axis ;  and  no  more  then  than  ever  after,  do  they 
implicate  the  general  moss  of  the  body  in  their  transrerse  di- 
yisLons.  On  the  contrary,  before  segmentation  has  made 
much  progress  the  rudiments  of  the  Yoscular  system  are  laid 
down  in  a  manner  showing  not  the  remotest  trace  of  any 
primordial  correspondence  of  its  parts  with  the  diyisions  of  the 
axis.  No  less  at  yarionce  with  the  belief  that  the 

yertebrate  animal  is  essentially  a  series  of  homologous  parts, 
i       's  the  heterogeneity  which  exists  among  these  ports  on  their 
\       irst  appearance.    Though  in  the  head  of  on  adult  articulato 
animal  there  is  little  sign  of  divisibility  into  segments  like 
1.    ^.hose  of  the  body ;  yet  such  segments,  with  their  appropriate 
i    ganglia  and  appendages,  are  easily  identifiable  in  the  articu- 
i   late  embryo.    But  in  the  yertebrota  this  antithesis  is  exactly 
V  reversed.     At  the  time  when  segmentation  has  become  de- 
%  ?ided  in  the  dorsal  region  of  the  spine,  there  is  no  trace  of 
>  segments  in  the  parts  that  are  to  fonn  the  skuU — ^nothing 
)  whatever  to  suggest  that  the  skull  is  being  formed  out  of 
^  divisions  homolos:ous  with  vertebne.    And  minute  observa- 
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tion  no  more  disclngen  any  such  homology  than  does  general 
appearance.  **  Bcmak,"  says  Profl  Huxley, ''  has  m<«e  fully 
proTed  than  any  other  observer,  the  segmentation  into  '  nr- 
wirbel/  or  proto-Tertebrse,  which  is  characteristic  of  the  Ter- 
tebral  oolnmn,  stops  at  the  occipital  margin  of  the  skull — 
the  base  of  which,  before  ossification,  presents  no  trace  of 
that  segmentation  which  occurs  throughout  the  vertebral 
column." 

Consider  next  the  evidence  supplied  by  comparative  mor* 
phology.    In  preceding  sections  (g  206,  208,)  it  has  been 
shown  that  among  annulose  animals,  the  divisibility  into 
homologous  parts  is  most  clearly  demonstrable  in  the  lowest 
tjrpes.     Though  in  decapodous  Crustaceans,  in  Insects,  in 
Arachnids,  there  is  difficulty  in  identifying  some  or  many  ot 
the  component  somites ;  and  though  when  identified  they 
display  only  partial  correspondences ;   yet  on  descending  to 
Annelids,  the  composition  of  the  entire  body  out  of  such^ 
somites  becomes  conspicuous,  and  the  homology  between  eacrii 
somite  and  its  neighbours  is  shown  by  the  repetition  of  oiie 
another's  structural  details,  as  well  as  by  their  common 
genmiiparous  origin:    indeed,  in  some  cases  we  have  the 
homology  directly  demonstrated  by  seeing  a  somite  of  the 
body  transformed  into  a  head.    If,  then,  a  vertebrato  animal  . 
had  a  segmental  composition  of  kindred  nature,  we  ought  to  / 
find  it  most  clearly  marked  in  the  lowest  Veriebrata,  and^ 
most  disgmsed  in  the  highest  VertebrtUa.    But  here,  as  bei 
fore,  the  fiEu^t  ia  just  the  reverse.    Among  the  VerUtraia  ot 
developed  type,  such  segmentation  as  really  exists  remains . 
oonspicuous^is  but  little  obscured  even  in  parts  of  the  spimdf 
column  formed  out  of  integrated  vertebras.    Whereas  in  th^ 
undeveloped  vertebrate  type,  segmentation  is  scarcely  at  ol^ 
traceable.    The  Amphiozus,  Fig.  191,  is  not  only  withouli^ 
ossified  yertebne ;  not  only  is  it  without  cartilaginous  re4 
presentatives  of  them ;  but  it  is  even  without  anything  like  . 
distinct  membranous  divisions.    The  spinal  column  exists  ^ 

as  a  continuous  notochord :  the  only  signs  of  incipient  sog-  - 

« 
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its  membranous  sheatli,  m  the 
^te  maases  of  somewhat  denser 
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typal  Ycrtebra ;  and  that  the  vertebrate  animal  ia  composod 
of  archetypal  Tertebns  arranged  in  a  aeriee,  and  seTcr- 
ally  modified  to  fit  their  positions — ^these  facts,  I  say,  so  far 
from  proving  as  much,  suffice,  when  impartially  considered, 
to  disprove  it.    No  assigned  nor  any  conceivable  attribute  of 
the  supposed  archetypal  vertebra  is  uniformly  maintained. 
The  parts  composing  it  are  constant  neither  in  their  num- 
ber, nor  in  their  relative  positions,  nor  in  their  modes  of 
ossification,  nor  in  the  separateness  of  their  several  individu- 
alities when  present.    There  is  no  fixity  of  any  one  element, 
or  connexion,  or  mode  of  development,  which  justifies  even  a 
suspicion  that  vcrtebrao  are  modelled  after  an  ideal  pattern. 
To  substantiate  these  assertions  here  would  require  too  much 
space,  and  an  amount  of  technical  detail  wearisome  to  the 
general  reader.    The  warrant  for  them  will  be  found  in  a 
criticism  on  the  osteological  works  of  Prof.  Owen,  originally 
published  in  the  BritUh  and  Foreign  Medico^  Chirttrgienl 
Review  for  Oct.  1858.    This  criticism  I  add  in  the  AppendSx, 
for  the  convenience  of  those  who  nmy  wish  to  study  the 
question  more  fully.     (See  Appendix  B.) 

Everything,  then,  goes  to  show  that  the  segmental  compo- 
sition which  characterises  the  apparatus  of  external  relation 
in  most  vertebrata,  is  not  primordial  or  genetic,  but  function-  \ 
ally  determined  or  adaptive.   Our  inference  must  be  that  the  / 
vertebrate  animal  is  an  aggregate  of  the  second  order,  ia^ 
which  a  relatively  superficial  segmentation  has  been  pro| 
duced  by  mechanical  intercourse  with  the  environment.   T70 
shall  hereafter  see  that  this  conception  leads  us  to  a  consist-; 
ent  interpretation  of  the  facts — shows  us  why  there  has 
arisen  such  unity  in  variety  as  exists  in  every  vertebraV 
column,  and  why  this  unity  in  variety  is  displayed  undei^ 

countless  modifications  in  dificrent  skeletons. 

}    . 

§  211.  Glancing  back  at  the  facts  brought  together  b^  | 
these  two  chapters,  it  seems  probable  that  there  has  gone  on  \  \ 
among  animals  a  process  parallel  to  that  which  wo  saw  reason  ' ' 
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to  think  lias  gone  on  among  plants,  lilinute  aggregates  of 
ihoso  physiological  units  which  compose  living  protoplasm, 
exist  as  Protozoa :  some  of  them  incoherent,  indefinite,  and 
almost  homogenous ;  and  others  of  them  more  coherent,  de- 
finite, and  heterogenous.  By  miion  of  these  nucleated  parti- 
cles of  sarcode,  are  produced  various  indefinite  aggregates  of 
tie  second  order— Sponges,  Thalas-sicolhc,  Foraminifers,  &c. ; 
in  Tvhich  tho  compound  individuality  is  scarcely  enough 
marked  to  subordinate  the  primitive  individualities.  But  in 
other  types,  as  the  Hijdra^  tho  lives  of  the  morphological 
imita  are  in  a  considerable  degree,  though  not  wholly,  merged 
in  the  life  of  the  integrated  whole  they  form.  As  tho  primary 
aggregate  when  it  passes  a  certain  sizo  undergoes  fission  or 
gemmation  ;  so  does  the  secondary  aggregate.  And  as  on 
tho  lower  stage  so  on  the  higher,  we  see  cases  in  which  tho 
g-emmiparously-produced  individuals  part  as  soon  as  formed, 
aud  other  cases  in  which  they  continue  united,  though  in  great 
nusasure  independent.  This  massing  of  secondary,  aggregates 
into  tertiary  aggregates,  is  variously  carried  on  among  the 
Hydrozoa^  the  jictinozoa,  and  the  Molluscoida,  In  most  of  the 
types  so  produced,  the  component  individualities  are  very 
little  subordinated  to  the- individuality  of  tho  mass  they  form 
—{hero  is  only  physical  unity  and  not  physiological  unity ; 
but  in  certain  of  the  oceanic  Hydrozoa,  the  individuals  are  so 
fax  differentiated  and  combined  as  very  much  to  mask  them. 
Forms  showing  us  clearly  the  transition  to  well-developed 
ixvdividuals  of  the  third  order,  are  not  to  be  found.  Never- 
theless, in  the  great  sub-kingdom  Annulow,  there  are  traits 
Of  structure,  development,  and  mode  of  multiplication,  which 
gfo  for  to  show  that  its  members  are  such  individuals  of  tho 
tMrd  order;  and  in  the  relations  to  external  conditions 
involved  by  the  mode  of  union,  we  find  an  adequate  cause  for 
that  obscuration  of  the  secondary  individualities  which  wo 
must  suppose  has  taken  place.  The  two  other  great  sub- 
kingdoms  MoUuaca  and  Vertebrata,  between  the  lower  mem- 
bers of  which  there  are  suggestive  points  of  communityi 
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present  us  only  with  aggregates  of  the  second  order,  that 
have  in  many  cases  become  very  large  and  very  complex. 
We  find  in  them  no  trace  of  the  union  of  gemmiparously- 
produced  individuals.  Neither  the  molluscous  nor  the 
vertebrate  animal  shows  the  faintest  trace  of  a  segmenta* 
tion  affecting  the  totality  of  its  structure;  and  we  see 
good  grounds  for  concluding  that  such  segmentation  as  ex- 
ceptionally occurs  in  the  one  and  usually  occurs  in  tho  other, 
is  superinduced. 
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CHAPTER  YI. 


MORPHOLOGICAL  DIFFERENTIATION  IN  PLANTS. 


§  212.  "While  in  the  course  of  their  evolution  pknts  and 
nimnls  hare  displayed  progressiye  integrations,  there  have 
.t  the  same  time  been  progressive  differentiations  of  tho 
esalting  aggregates,  both  as  wholes  and  in  their  parts. 
'HhiMB  differentiations  and  the  interpretations  of  them,  form 
he  second  class  of  morphological  problems. 

We  commence  as  before  with  plants.    We  have  to  con- 

dder,  £rst,  the  several  kinds  of  modification  in  shape  thej 

tave  undergone;  and,  second,  the  relations  between  theso 

Inds  of  modification  and  their  factors.    Let  us  glanoe  at 

he  leading  questions  that  have  to  be  answered. 

§  213.  Irrespective  of  their  degrees  of  composition,  plants 
mijf  and  do,  become  changed  in  their  general  forms.  Are 
iheir  changes  capable  of  being  formulated  P  The  inquiry 
^erhich  meets  us  at  the  outset  is— does  a  plant's  shape  admit 
)f*  being  expressed  in  any  universal  terms? — ^terms  that 
re^main  the  same  for  all  genera,  orders,  and  classes. 

'.After  phmts  considered  as  wholes,  have  to  be  considered 
their  proximate  components,  which  vary  with  their  degrees 
of  composition,  and  in  the  highest  plants  are  what  we  call 
branches.  Is  there  any  law  traceable  among  the  contrasted 
shapes  of  different  branches  in  the  some  plant  ?  Do  the  rela- 
tiye  developments  of  parts  in  the  same  branch  conform  to 
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iiny  law  P  And  are  these  laws,  if  they  exist,  allied  with  on 
another  and  with  that  to  which  the  shape  of  tho  whol 
plant  conforms  P 

Descending  to  the  components  of  these  components,  whic 
in  developed  plants  we  di8tmg:uish  as  leares,  there  meet  u 
kinlred  questions  respecting  their  relative  sizes,  their  reb 
live  shapes,  and  their  shapes  as  compared  with  those  ( 
foliar  organs  in  general.  Of  thei^  morphological  differentis 
tions,  also,  it  has  to  be  asked  whether  they  exemplify  an; 
truth  that  is  exemplified  by  the  entire  plant  and  by  its  large 
parts. 

Then,  a  step  lower,  we  come  down  to  those  morphologic^ 
units  of  which  leaves  and  fronds  consist;  and  conceniin 
these  arise  parallel  inquiries  touching  their  divcrgcncii 
from  one  another  and  trom  cells  in  generoL 

The  problems  thus  put  together  in  several  groups  crai 
not  of  course  be  rigorously  separated.  Evolution  pre-^suj 
poses  transitions  which  make  all  such  clossings  more  or  lef 
conventional ;  and  adherence  to  them  must  be  subordinat 
to  the  needs  of  the  occasion. 


§  214.    In  ttud}dng  the  causes  of    the    morphologic 
differentiations  thus  grouped  and  prospectively  generolizec. 
we  shall  have  to  bear  in  mind  several  orders  of  forces  whio 
it  will  be  well  briefly  to  specify. 

Growth  tends  inevitably  to  initiate  changes  in  ith 
shape  of  any  aggregate,  by  changing  both  the  amoontss  c 
the  incident  'forces  and  the  forces  which  the  parts  exert  b: 
one  another.  "With  the  mechanical  actions  this  is  obvious 
m:ittcr  that  is  sensibly  plastic  cannot  be  increased  in  mine 
without  undergoing  a  change  in  its  proportions,  consequen 
on  the  diminished  ratio  of  its  cohesive  force  to  the  forced  c 
gravitation.  "With  the  physiological  actions  it  is  equiill^ 
obvious :  increase  of  size,  other  things  equal,  alters  jiiii 
relations  of  the  parts  to  the  material  and  dynamical  factor 
of  nutrition ;  and  by  so  affecting  differently  tho  nutritibi 
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f  different  parts,  initiates  further  changes  of  propor- 
ons. 

Similarly  in  any  composite  plant,  the  proximate  units  as 
ist  as  they  accumulate  are  subjected  to  mutual  influences 
!iat  are  unlike  one  another  and  are  continually  changing. 
lie  earUer-formed  imits  become  mechanical  supporters  of  the 
iter-formcd  units,  and  so  experience  modifying  forces  from 
'hich  the  later-formed  units  are  exempt.  Further,  these 
Ider  units  simultaneously  begin  to  serre  as  channels  through 
/hich  materials  are  carried  to  and  from  the  younger  units — 
nother  cause  of  differentiation  that  goes  on  increasing  in  in- 
ensity.  Once  more,  there  arise  ever-strengthening  contrasts 
etween  the  amounts  of  light  which  fall  upon  the  youngest  or 
itermost  units  and  the  eldest  or  innermost  units ;  whence 
/jsult  structural  contrasts  of  yet  another  kind.  Evidently, 
itm,  along  with  the  progressive  integration  of  cells  into 
rends,  of  fironds  into  axes,  and  of  axes  into  plants  still  moro 
omposite,  there  come  into  play  sundry  causes  of  differcn- 
latibn  which  act  on  the  whole  and  on  each  of  its  parts, 
whatever  their  grade.  The  forces  to  be  overcome,  the  forces 
0  be  utilized,  and  the  matters  to  be  appropriated,  do  not 

main  the  some  in  their  proportions  and  modes  of  action  for 
ny  two  members  of  the  aggregate :  be  they  members  of  the 
iirst,  second,  third,  or  any  other  order. 

§•  215.  Nor  are  these  the  only  kinds  and  causes  of  hetero- 
,*erieity  which  we  have  to  consider.  Beyond  the  more 
.-eneral  changes  produced  in  the  relative  sizes  And  shapes  of 
iliknts  and  their  ports  by  progressive  aggregation,  there  are 
l|^e  more  particular  changes  determined  by  the  more  particu- 
or  conditions. 

\Plants  as  wholes  assume  unlike  attitudes  towards  their  en- 
dronments;  they  have  many  ways  of  articulating  their 
>ai:t8  with  one  another ;  they  have  many  ways  of  adjusting 
l^eir  parts  toward3  surrounding  agencies.    These  are  causes  of 

ij[)ecial  differentiations  additional  to  those  general  differentia- 

t 
I 
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serve,  next,  that  the  port  which  lifts  itself  into  the  water  or 
air,  is  more  or  less  decidedly  radial.  Each  upward  growing 
tubule  of  Codiitm  adhoerens,  Fig.  4,  has  its  parts  disposed 
with  some  regularity  around  its  axis ;  the  upper  stem  and 
spore-yessel  of  Sydrogaatrum^  Fig.  5,  display  a  lateral 
growth  that  is  approximately  equal  in  every  direction ;  and 
the  branches  of  the  Botrj/tis,  Fig.  6,  shoot  out  with  an  ap- 
proach to  evenness  on  all  sides.  Plants  of  this  low  type 
are  naturally  very  variable  in  their  modes  of  growth :  each 
individual  being  greatly  modified  in  form  by  its  special  cir- 
cumstances. But  they  nevertheless  show  us  a  general  like- 
ness between  parts  exposed  to  like  forces,  as  well  as  a  general 
linlikeness  between  parts  exposed  to  unlike  forces. 

Bespecting  the  forms  of  these  aggregates  of  the  first  order, 
it  has  only  to  be  added  that  they  are  asymmetrical  where 
there  is  total  irregularity  in  the  incidence  of  forces.  Wa 
have  an  example  in  the  indefinitely  contorted  and  branched 
shape  of  a  fungus-cell,  growing  as  a  mycelium  among  ^e 
particles  of  soil  or  through  the  interstices  of  organic  tissue. 


§218.  Be-illustrations  of  the  general  truths  which  the 
forms  of  these  vegetal  aggregates  of  the  first  order  display, 
are  furnished  by  vegetal  aggregates  of  the  second  order. 
The  equalities  and  inequalities  of  growth  in  different  direc- 
tions, prove  to  be  similarly  related  to  the  equalities  and  in- 
equalities of  environing  actions  in  different  directions.  { 

Of  spherical  sjrmmetry,  an  instance  occurs  in  the  Yoltooi 
glohaior.  The  ciliated  cells,  here  so  united  as  to  produce 
small,  mulberry-shaped,  hollow  ball,  cause,  by  the  movements 
of  their  cilia,  a  simultaneous  rotation  of  the  ball  and  pro- 
gress of  it  through  the  water.  There  is  nothing  to  de-y 
termine  the  axis  of  rotation  or  the  direction  of  rotation.; 
And  if  the  axis  and  direction  of  rotation  continually  vary', 
as  we  may  conclude  that  they  do,  then  the  different  memj 
bers  of  the  aggregate  sevendly  occupy  in  their  turns  like 
positions    towards  surrounding  agencies;   and  so  are  not 
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made  to  lose  their  Homogeneity  of  form  and  distribution. 
Vegetal  aggregates  of  the  second  order  are  usually  fixed : 
locomotion  is  exceptional.     Fixity  implies  that  the  surfuco 
of  attachment  is  differently  circumstanced  from  the  free  sur- 
face.   Hcnco  we  may  expect  to  find,  as  we  do  find,  that 
among  these  rooted  aggregates  of  the  second  order,  as  among 
those  of  the  first  order,  the  primary  contrast  of  shape  is 
between  the  adherent  part  and  the  loose  part.     Sea  \vecds 
variously  exemplify  this.     In  some  the   fronds  are  very 
irregular  and  in  some  tolerably  regular ;  in  some  the  form  is 
pseudo-foliar  and  in  some  pseud-axial ;  but  differing  though 
they  do  in  these  respects,   they  agree  in  having  the  end 
which  is  attached  to  a  solid  body  unlike  the  other  end.     The 
same  truth  is  seen  in  such  secondary  aggregates  as  the  com- 
mon fungi,  or  rather  in  their  inmiensely-developed  organs  of 
ructification.      A  puff-ball,   Fig.   192,   presents  no  other 
^.vious  unlikcness  of  parts  than  that  between  its  under  and 
-ter  surfaces.     So  too  with  the  stalked  kinds  that  frequent 
woods  and  pastures.    In  the  types  which  Figs.  193, 
;   195,  delineate,  the  unlikenesses  between  the  rooted 
is  and  the  expanded  ends,  as  well  as  between  the  under 
nd  upper  surfaces  of  the  expanded  ends,  are  obviously 
related  to  this  fundamental  contrast  of  conditions.     "Not  is 
this  relation  less  clearly  displayed  in  the  sessile  fungi  which 
grow  out  from  the^  sides  of  trees,  as  shown  at  a,  b,  Fig. 
.96.    That  which  is  common  to  this  and  the  preceding  types, 
the   contrast  between  the   attached  end  and  the  free 
md. 

^    From  what  these  forms  have  in  common,  let  ns  turn 
^to  that  which  they  have  not  in  conmion,  and  observe  the 
causes  of  the  want  of  community.     A  puff-ball  shows  us 
^  the  simplest  way,  the  likeness  of  parts  accompanying 
I^tkeness  of  conditions,  along  with  the  unlikeness  of  parts 
fuscompanying  unlikeness  of  conditions.     For  while,  if  we 
jbut  vertically  through  its  centre,  we  find  a  difference  be- 
tween top  and  bottom,  if  wo  cut  horizontally  through  its 
« 
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centre,  ire  find  no  differences  among  its  sererol  cddesi 
Being,  on  the  average  of  cases,  similarly  related  to  the  envi- 
ronment all  round,  it  remains  the  same  all  round.  The 
radial  symmetry  of  the  mu;Aroom  and  other  vertically- 


/w 
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growing  fungi,    illustrates    this    connexion  of    cause  and 
effect  stiU  better.     But  now  mark  what  happens  in  the 
group   of  Agaricus  zrflophilua,   shown  in  Fig.   195.   Badi- 
aUy  symmetrical  as    is  the  tj^e,  and  radiaUy  symmetric" 
cal  as  are  those   centrally-placed    individuals   which  ajte 
equally  crowded  all  round,  we  see  that  the  peripheral  indi- 
viduals, dissimilarly  circumstanced  on  their  outer  sides  and 
on  their  sides  next  the  group,  have  partially  changed  their 
radial  symmetry  into  bilateral  symmetry.    It  is  no  longer 
possible  to  make  two  corresponding  halves  by  any  vertical 
plane  cutting  down  through  the  pileus  and  the  stem ;  but 
there  is  only  one  vertical  plane  that  will  thus  produce  cor-  , 
responding  halves — the  plane  on  the  opposite  sides  of  which 
the  relations  to  the  environment  are  alike.    And  then  mar] 
that  the  divergence  fix>m  oU-sided  symmetry  towards  twi 
sided  symmetry,  here  caused  in  the  individual  by 
circumstances,  is    charocteristio  of   the   race    where    th6 
habits  of  the  race  constantly  involve  two-sidcdness  of  condi-' 
tions.     Besides  being  exemplified  by  such  comparativelj^ 
undifferentiated  types  as  Boieius,  Tig.  196,  /r,  A,  this  tratli 
is  exemplified  by  members  of  the  genus  just  named.    Zti 
Agarieus  horizontaiis.  Fig.  196,  c,  we  lave  a  departure  fron^ 
radial  symmetry  that  is  conspicuous  only  in  the  form  of  th^ 
stem.     A  more  decided  bilateralncss  exists  in  A,  pahnaiwi^ 
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shown  in  eleyation  at  d  and  in  section  at  (f  •  And  A.  flabeili" 
formU;  of  which  e  and  e  are  different  Tiews,  exhibits  com- 
plete bilateralness — a  bilaterolness  in  which  there  is  the 
greatest  likeness  of  the  ports  that  are  most  similarly  condi- 
tioned, and  the  greatest  unlikeness  of  the  parts  that  are  most 
dissimilarly  conditioned. 

)  Among  plants  of  the  second  order  of  composition,  it  will 
suffice  to  note  one  further  class  of  facts  which  are  the  con- 
verse of  the  foregoing  and  have  the  same  implications.  These 
are  the  facts  showing  that  along  with  habitual  irregularity  in 
the  relations  to  external  forces,  there  is  habitual  irregidarity 
in  the  mode  of  growth.  Besides  finding  such  facts  among 
Thallogens,  as  in  the  tubers  of  underground  fungi  and  in  the 
creeping  films  of  sessile  lichens,  which  severally  show  us 
variations  of  proportions  obviously  caused  by  variations  in  the 
amounts  of  the  influences  on  their  different  sides,  wo  also 
amc;>ng  Acrogens  of  inferior  types,  find  irregularities  of  form 
alorig  with  irregularities  in  environing  actions.  The  &onds 
of  the  Marchaniiacem  or  such  JungermanmacecB  as  are  shown  in 
Figs.  41,  42,  43,  illustrate  the  way  in  which  each  lowly-or- 
ganized aggregate  of  the  second  order,  not  individuated  by 
the  mutual  dependence  of  its  parts,  has  its  form  determined 
by  the  balance  of  facilities  and  resistances  which  each  portion 
of  the  frond  meets  with  as  it  spreads. 

^  §  219.  Among  plants  that  display  integration  of  the  third 
degree,  and  among  plants  still  further  compounded,  these 
^same  truths  are  equally  manifest.  In  the  forms  of  such 
<^Iants  we  see  primary  contrasts  and  secondary  contrasts, 
Which,  no  less  clearly  than  the  foregoing,  are  related  to 
!  contrasts  of  conditions. 

^  That  flowering  plants  from  the  daisy  up  to  the  oak,  have 
i^  common  the  fundamental  unlikeness  between  the  upward 
growing  part  and  the  downward  growing  part;  and  that 
this  most  marked  unlikeness  corresponds  with  the  most  mark- 
ed imlikeness  between  the  two  parts  of  their  environment. 
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soil  and  air ;  are  facts  too  conspicuous  to  be  nazncd  were  thej 
not  important  items  in  the  argument.  More  instructive, 
perhaps,  because  less  familiar,  is  the  fact  that  we  miss  this 
extreme  contrast  in  flowering  plants  which  have  not  their 
higher  and  lower  portions  exposed  to  conditions  so  extremely 
contrasted.  A  parasite  like  the  Dodder,  growing  in  entan- 
gled masses  upon  other  plants,  from  which  it  sucks  the  juices^ 
is  not  thus  divisible  into  two  strongly-distinguished  halves. 

Leaving  out  of  consideration  the  difference  between  the  i 
supporting  part  and  the  supported  part  in  pho^nogams,  and 
looking  at  the  supported  part  only,  we  observe  between  its 
form  and  the  habitual  incidence  of  forces,  a  relation  Hkc  that 
which  we  observed  in  the  simpler  plants.     Phxnogams  that 
are  practically  if  not  literally  uniaxial,  and  those  which  de- 
velop their  lateral  axes  only  in  the  shape  of  axillary  flowers, 
when  iminterfered  with  ordinarily  send  up  vertical  axes  round 
which  the  leaves  and  flowers  are  disposed  with  a  more  or  less 
decided  radial  symmetry.     Gardens  and  fields  supply  us 
with  such  instances  as  the  Tulip  and  the  Orchis ;  and  on  a 
larger  scale  the  Palms  and  the  Aloes  are  fertile  in  examples. 
The  exceptions,  too,  are  instructive.     Besides  tibe  individual 
divergences  that  arise  from  special  interferences,  there  aro 
to  be  traced  general  divergences  where  the  habits  of  the  \ 
plants  expose  them  to  general  interferences  in  anything  I 
approaching  to  constant  ways.     Plants  which,  like  the  Fox-i 
glove,  have  spikes  of  flowers  that  are  borne  on  flexible  foot-i 
stalks,  have  their  flowers  habitually  bent  round  to  one  face  on 
the  stem :  an  unlikeness  of  distribution  probably  caused  by^ 
unlikeness  in  the  relation  to  the  sun's  rays.     The  wild  Hya-/ 
cinth,  too,  with  stem  so  flexible  that  its  upper  part  droops,^ 
shows  us  how  a  consequent  difference  in  the  action  of  gravity y 
on  the  flowers,  causes  them  to  deviate  from  their  typicall^ 
radial  arrangement  towards  a  bilateral  arrangement.  ; 

Much  more  conspicuous  are  thcTsej^neral  and  special  re^ 
lations  of  form  to  general  and  special  actions  in  the  environ-v 
ment,  among  phsenogame  that  are  multiaxial.      That  wheW 
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nrhere  tho  winds  do  not  injure 
lem,  shrubs  and  trees  develop 
98,13  an  obTioustrutli.  Eqiial- 
1  groiving  together  in  a  wood, 
>n  all  sides,  trees  still  show 
f  parts  ;  though,  under  such 
stems  with  branches  dirccfcJ 
g(  clearly  due  to  the  dificrciit 
equally  obvious  is  the  tntlh, 
wing  at  the  edge  of  the  wood, 
loi>cd  and  its  inner  branches 
ig.  197,  which  very  inaccur- 


\  will  serve  to  nuke  it  manifest 
^1  trees  can  be  cut  into  eome- 
by  ft  vertical  plane  directed  to- 
^  plane  on  each  side  of  which 
^ot  be  cut  into  sunilar  halves 
t^ergence  from,  an  indefinitely- 
Sdefinitely-bilateral  symmetry, 
e  conditions  made  bilateral  by 
Two  of  the  common  forms 
^ven  in  Fig.  198.  Here  there 
^  tolerably  similar,  by  a  vertical 
Ehe  hill ;  but  not  by  any  other 
^  the  bilateralness,  similar  in 
ferently  caused,  which  we  sco 
fevailing  winds.     Almost  every 
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sca-cooat  has  abundant  examples  of  stunted  trees  wluch,  liko 
the  one  shown  in  Fig.  199,  have  been  made  to  deviate  from 
their  ordinary  equal  growth  on  all  sides  of  a  vertical  axis,  to 
a  growth  that  is  equal  only  on  the  opposite  sides  of  a  vertical 
plane  directed  towards  the  wind's  eye. 

From  among  vegetal  aggregates  of  the  third  order,  wo  havo 
now  only  to  add  examples  of  the  entirely  asymmetrical  foira 
that  accompanies  an  entirely  irregular  distribution  of  inci- 
dent forces.  Creeping  plants  furnish  such  examples.  They 
show  us,  alike  when  climbing  up  vertical  or  inclined  surfaces 
or  trailing  along  the  ground,  that  their  branches  grow  hither 
and  thither  as  the  balance  of  forces  aids  or  opposes  ;  and  the 
general  outline  is  without  s}Tnmotry  of  any  kind,  because 
the  environing  influences  have  no  kind  of  regularity  in  their 
arrangement. 

■  I 

§  220.  Along  with  some  imfamiliar  facts,  I  have  here  set 
down  facts  that  are  eo  familiar  as  to  seem  scarcely  worth 
noting.    It  is  because  these  facts  have  become  meaningless 
to  perceptions  deadened  by  infinite  repetitions  of  them,  that 
it  is  needful  here  to  point  out  their  meaning.    Not  alone  for 
its  intrinsic  importance  has  the  unlikeness  between   th 
attached  ends  and  the  free  ends  been  traced  among  plants 
of  all  degrees  of  integration.    Nor  is  it  simply  because  of  the 
significance  they  have  in  themselves,  that  instances  have  be^  i 
given  of  those  different  varieties  of  symmetry  and  asynmieti-y 
which  the  free  ends  of  plants  equally  display :  be  they  plant:s 
of  the  first,  second,  third,  or  any  higher  order.    Neither  hois 
the  only  other  purpose  been  that  of  showing  how,  in  the  radial 
symmetry  of  some  vegetal  aggregates  and  the  single  bilateral , 
8}7nmetry  of  others,  there  are  traceable  the  same  ultima^  t 
principles  as  in  the  spherical  symmetry  and  triple  bilate^ 
S3rmmetry  of  certain  minute  plimts  first  described.    But  uie 
main  object  has  been  to  present  under  their  simplest  aspect, 
.  those  general  laws  of  morphological  differentiation  which  are 
fulfilled  by  the  component  parts  of  each  plant. 
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If  organic  form  is  determined  hj  the  distribution  of  forces, 
and  the  approach  in  every  case  towards  an  equilibrium  of 
inner  actions  with  outer  actions ;  then  this  relation  between 
forms  and  forces  must  hold  alike  in  the  organism  as  a  whole, 
in  its  proximate  units,  and  in  its  units  of  lower  orders.  Fonnu- 
,  lus  which  express  the  shapes  of  entire  plants  in  terms  of  sur- 
•rounding  conditions,  must  be  formulas  which  also  express 
the  shapes  of  their  several  parts  in  terms  of  surrounding 
conditions.  If,  therefore,  we  find  that  a  plant  as  a  whole  is 
radially  symmetrical  or  bilaterally  symmetrical  or  asymme- 
trical, according  as  the  incident  forces  affect  it  equally  on  all 
sides  of  an  axis  or  affect  it  equally  only  on  the  opposite  sides 
of  one  plane  or  affect  it  equally  in  no  two  directions ;  then, 
we  may  expect  that  each  member  of  a  plant  will  display  radial 
symmetry  where  environing  influences  are  alike  along  many 
radii,  bilateral  symmetry  where  there  is  bilateralness  of 
environing  influences,  and  unsymmetry  or  asymmetry  where 
there  is  partial  or  entire  departure  from  a  balance  of  sur* 
rounding  actions. 

To  show  that  this  expectation  is  borne  out  by  the  facts, 
will  be  the  object  of  the  following  four  chapters.  Let  us 
begin  with  the  largest  parts  into  which  plants  are  divisible ; 
and  proceed  to  the  successively  smaller  part^ 
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196,  there  will  be  perceived  a, 

bilateral  wjmmetTj,  occurring 

le  portion  of  tbe  pileiu  next  to 

iveloped  in  this  broncbed  form 

tbe  one  cose  us  in  the  other, 

,  .he  side  of  attachment.     A  di- 

Ih,  as  Bho\vii  in  Fig.  196  e, might 

fs  by  n  Tertical  piano  passing 

rand  the  axis  of  the  support- 
of  the  branch,  bjr  a  Tcrtical 
itre  of  its  pileus  and  the  axis  of 
agates  of  this  order,  the  A/gie 
In  the  branches  of  Zcuon/n, 
itantiolly-similar  rehitionship : 
eloped  than  their  outer  parts, 
in  approximately  equal 
iteml. 


i:lctrodncd  us  to  the  more  ikmiliar 

SieSftih  plants  of  the  third  degree  of 

Fig.  202,  are  sketched  three 


E:y&sicline  tree:  a  being  the  leading 
•ijxepjSc  near  the  top,  and  c  a  lateral 
;:lniE&  is  here  a  double  exemplifica- 
^iliilft,  as  a  vhole,  has  Its  bmnchlets 
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arranged  with  tolerable  regularity  all  round,  in  corre- 
spondence with  its  equal  exposure  on  all  sides,  each  branch- 
let  shows  by  its  curre  as  much  bilateral  symmetry  as 
its  simple  form  permits.  The  branch  h,  dissimilarly 
circumstanced  on  the  side  next  the  main  stem  and  on 
the  side  away  from  it,  has  an  approximate  bilateralness 
as  a  whole,  while  the  bilateralness  of  its  bnmchlets  varies 
with  their  respectiTO  positions.  And  in  the  branch  e,  having 
its  parts  still  more  differently  conditioned,  these  traits  ot 
structure  are  still  more  marked.  Extremely  strong  contrasts 
of  this  kind  occur  in  trees  having  very  regular  modes  ot 
gro^vth.  The  uppermost  branches  of  a  Spmce*fir  have  radially 
arranged  branchlets :  each  of  them,  if  growing  vigorously^ 
repeats  the  type  of  the  leading  shoot,  as  shown  in  Fig.  203, 
a,  b.  But  if  we  examine  branches  lower  and  lower  down  the 
tree,  we  find  the  verticaUy-growing  branchlets  bear  a  less  and 
less  ratio  to  the  horizontdly-growing  ones ;  until,  towards  the 
bottom,  the  radial  arrangement  has  wholly  merged  into  the 
bilateral  Shaded  and  confined  by  the  branches  above  them, 
these  eldest  branches  develop  their  offiihoots  in  those  direc* 
tions  where  there  is  most  space  and  light :  becoming  finally 
quite  flattened  and  fSEm-shaped,  as  shown  at  Fig.  203,  c.  And 
on  remembering  that  each  of  these  eldest  branches,  when  first 
it  diverged  from  the  main  stem,  was  radial,  we  see  not  only 
that  between  the  upper  and  lower  branches  does  this  contrast 
in  structure  hold,  but  also  that  each  branch  is  transformed 
from  the  radial  to  the  bilateral  by  the  progressive  change  in. 
its  environment.  Other  forces  besides  those  which  aid 

or  hinder  growth,  conspire  to  produce  this  two-sided  character 
in  lateral  branches.  The  annexed  Fig.  204,  sketched  from 
an  example  of  the  Pinus  Coulterii  at  Xew,  shows  very  clearly 
how,  by  mere  gravitation,  the  once  radially-arranged  brancH- 
lets  may  be  so  bent  as  to  produce  in  the  branch  as  a  whole  a 
decided  bilateralness.  A  full-grown  Araucariay  too,  exhibits 
in  its  lower  branches  modifications  similarly  caused ;  and  in 
eaiib  of  such  branches  there  may  be  remarked  the  further  fact^ 
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that  its  upward-bending  termination  luis  a  partially-modified 
rodialnessy  at  the  some  time  that  its  drooping  lateral  branch- 
lets  give  to  the  part  nearer  the  trunk  a  completely  bilateral 
character. 

Now  in  these  few  instances,  which  are  typical  of  countless 
instances  that  might  bo  given,  we  see,  as  we  saw  in  the  cose 
,of  the  fungi,  that  the  same  thing  is  true  of  the  parts  in 
their  relations  to  the  whole  and  to  one  another,  which  is  true 
of  the  whole  in  its  relations  to  the  environment  at  large. 
Entire  trees  become  bilateral  instead  of  radial,  when  exposed 
to  forces  that  are  equal  only  on  opposite  sides  of  one  plane ; 
ond  in  their  branches,  parallel  changes  of  form  occur  under 
parallel  changes  of  conditions. 

S  224.  There  remains  to  be  said  something  respectiag  tho 
distribution  of  leaves.  How  a  branch  carries  its  leaves  con- 
festitutes  one  of  its  characters  as  a  branch ;  and  is  to  be  con- 
sidered apart  from  the  characters  of  the  leaves  themselves. 
The  principles  hitherto  illustrated  we  shall  here  find  illus- 
trated still  further. 

The  leading  shoot  and  oil  the  upper  twigs  of  a  fir-tree, 
have  their  pin-shaped  leaves  evenly  distributed  all  round,  or 
placed  radially  ;*  but  as  we  descend,  we  find  them  begioning 
to  assume  a  bilateral  distribution ;  and  on  the  lower,  hori- 
zontally-growing branches,  their  distribution  is  quite  bilateraL 
Between  the  Irish  and  English  kinds  of  Yew,  there  is  a  con- 
.Tast  of  like  significance.  The  branches  of  the  one,  shooting 
jp  as  they  do  almost  vertically,  ore  clothed  with  leaves 
fdl  round ;  while  those  of  the  other,  whidi  spread  laterally, 
bear  their  leaves  on  the  two  sides.  In  trees  with  better- 
^developed  leaves,  the  some  principle  is  more  or  less  manifest 
m  proportion  as  the  leaves  are  more  or  less  enabled  by  their 
sjtructures  to  maintain  fixed  positions.     Where  the  foot-stalks 

*  Hera  and  througlioiit,  the  word  radial  ii  applied  eqiiallj  to  the  ipirol  a&d 
ifae  whorled  •troctum.  These,  at  being  alike  on  all  iidee,  are  nmilaily  diitiii- 
\g;iuihcd  from  airangementa  that  are  alike  on  two  sidei  only. 


? 
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are  long  and  slender,  and  where,  conseqaendy,  each  leaf»  ac* 
cording  to  its  weighty  the  flexibility  and  twist  of  its  foot* 
stalky  and  the  direction  of  the  branch  it  grows  from,  fulls 
into  some  indefinite  attitude,  the  relations  are  obscured.  But 
where  the  foot-stalks  are  stiff,  as  in  the  Laurel,  it  will  be 
found,  as  before,  that  from  the  topmost  and  upward-growing 
branches  the  leaves  diverge  on  all  sides ;  while  the  under- 
most branches,  growing  out  from  the  shade  of  those  above, 
have  their  leaves  so  turned  as  to  bring  them  into  rows  hori- 
zontally spread  out  on  the  two  sides  of  each  branch. 

A  kindred  truth,  having  like  implications,  comes  into  view 
when  we  observe  the  relative  sizes  of  leaves  on  the  same 

branch,  where  their  sizes  differ. 
Fig.  205  represents  a  branch  of  a 
Horse-chesnut,  taken  from  the  low- 
ermost  fringe  of  the  tree,  where  the, 
light  has  been  to  a  great  extent  in-^ 
tercepted  from  all  but  the  most  pro- 
trude parts.  Beyond  the  fact  that 
the  leaves  are  bilaterally  distributed 
on  this  drooping  branch,  instead  of 
being  distributed  symmetrically  all  round,  as  on  one  of  the 
ascending  shoots,  we  have  here  to  note  the  fact  that  there 
is  unequal  development  on  the  upper  and  lower  sides.  Each 
of  the  compound  leaves  acquires  a  foot-stalk  and  leaflets  that 
are  large  in  proportion  to  the  supply  of  light ;  and  hence,  as 
we  descend  towards  the  bottom  o£  the  tree,  the  dusters  of 
leaves  display  increasing  contrasts.  How  marked  these  con* 
trasts  become  will  be  seen  on  comparing  a  and  i,  which  foim 
one  pair  of  leaves  that  are  normally  equal,  or  c  and  (f,  which 
form  another  pair  normally  equaL   .  \ 

Let  us  not  omit  to  note,  while  we  have  this  case  before  us^ 
the  proof  it  affords  that  these  differences  of  development  ank 
in  a  considerable  degree  determined  by  the  different  con- 
ditions of  the  parts  after  they  have  been  unfolded.  Though' 
those  inequalities  of  dimensions  whence  the  differentiation!! 


V. 
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)f  form  result,  ore  in  many  cases  largely  due  to  the  inequali- 
:ies  in  the  circumstances  of  the  parts  while  in  the  bud  (which 
ure  however  representative  of  inequalities  in  ancestral  cir- 
cumstances) ;  yet  these  arc  clearly  not  the  sole  causes  of  the 
onlikenesses  that  eventually  arise.  For  the  Icof-buds  whence 
«;he  larger  leaves  in  Fig.  205  were  developed,  instead  of  being 
li  first  more  favourably  circumstanced  than  the  othersi  were 
less  favourably  circumstanced.  So  that  this  bilaterolness 
that  results  {r^ra  the  unequal  sizes  of  the  leaves,  must  be  con- 
sidered as  wholly  due  to  t^e  differential  actions  that  come  into 
play  after  the  leaves  have  assiuncd  their  typical  structures. 

5  225.  How  in  the  aiTangcment  of  their  twigs  and  leaves, 
branches  tend  to  lapse  fix>m  forms  that  are  approximately 
lymmetrical  to  forms  that  are  quite  asymmetrical,  need  not 
be  demonstrated :  it  is  sufficiently  conspicuous.  But  it  may 
be  well  to  point  out  how  the  tendency  to  do  this  further 
enforces  our  argument.  The  comparatively  regular  budding- 
out  of  secondary  axes  and  tertiary  axes,  does  not  usually 
produce  an  aggregate  which  maintains  its  regularity,  for 
the  simple  reason  that  many  of  the  axes  abort.  Terminal 
uds  are  some  of  them  destroyed  by  birds ;  others  are  bur- 
rowed int6  by  insects ;  others  are  nipped  by  frost ;  others 
jre  broken  off  or  injured  during  gales  of  wind.  The  envi- 
ronment of  each  branch  and  its  branchlets  is  thus  ever 
bt^ing  yaried  on  all  sides :  here,  space  being  left  vacant  by 
the  death  of  some  shoot  that  woidd  ordinarily  have  occupied 
it ;  and  there,  space  being  trenched  on  by  the  lateral  growth 
of  some  adjacent  branch  that  has  had  its  main  axis  broken. 
Hence  the  asymmetry  or  heterogeneity  of  form  which  the 
branch  assumes,  is.  caused  by  the  asymmetrical  distribution 
of  incident  forces — a  result  and  a  cause  that  go  on  ever  com- 
plicating. 

S  226.  One  conspicuous  trait  in  the  shapes  of  branches 
has  still  to  be  named.  Their  proximal  or  attached  ends 
differ  from  their  distal  or  free  ends,  in  the  same  way  that 


? 


136  MOBPHOIJOICAT*  DEVELOPME^TT.  / 

tlio  lower  ends  of  trees  differ  from  tlieir  upper  ends.'  This 
fact,  like  the  fact  to  which  it  is  here  paralleled,  has  had  its 
significance  obscured  by  its  extreme  familiarity.  But  it 
shows  in  a  striking  way  how  the  most  differently-conditioned 
parts  become  the  most  strongly  contrasted  in  their  stmc-{ 
turcs.  A  phamogomic  axis  is  made  up  of  homologous 
segments,  marked  off  from  one  another  by  the  nodes ;  and 
a  compound  branch  consists  of  groups  of  such  segments.  The 
earliest-formed  segments,  alike  of  the  tree  and  of  each 
branch,  serve  as  mechanical  supports  and  channels  for  sup 
to  the  successive  generations  of  segments  that  grow  out  of 
them;  and  become  more  and  more  shaded  by  their  pro- 
geny as  these  increase.  Hence  the  progressively-incrcasiiif? 
contrasts.  If  the  trunk  of  a  tree  were  sawn  horizontallv 
into  a  series  of  slabs,  each  some  two  inches  thick  or  there- 
abouts ;  if  each  of  the  main  branches  were  similarly  divid  cd 
transTcrsely,  and  the  like  were  done  with  all  the  branches 
borne  by  it,  down  to  their  ultimate  twigs,  which  would  bc)  se- 
Terally  cut  across  at  each  intemode ;  then,  morphologically 
considered,  any  .ne  of  these  slabs  would  be  the  homologuo 
of  any  intemode  of  an  ultimate  twig,  with  its  leaf  and  axil- 
lary bud.  In  the  immense  contrast  between  these  oldes 
and  youngest  units  of  composition,  we  should  have^exhibitec} 
the  cumulatiye  result  of  continuous  differentiation  caused  b>* 
continuous  action  of  modifying  forces — ^the  one  imit  havin^^ 
been  originally  just  like  the  other. 

%  227.  Thus,  then,  it  is  with  the  proximate  parts  of  plants  €a 
it  is  with  plants  as  wholes.  The  radial  symmetry,  the  bilatenil 
symmetry,  and  the  asymmetry,  whicb  branches  display  in 
different  trees,  in  different  parts  of  the  some  tree,  and  ^^  at 
different  stages  of  their  own  growths,  prove  to  be  all  coiiae- 
quent  on  the  ways  in  which  they  stand  towards  the  entire 
plexus  of  surrounding  actions.  The  principle  that  the 
growths  ore  unequal  in  proportion  as  the. relations  to  the 
environment  are  unequal,  serves  to  explain  all  the  leading 
traits  of  structure. 


CHAPTER  IX. 
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§  228.  Next  in  the  descending  order  of  composition  como 
compound  leaves.  The  relative  sizes  and  distributions  of 
their  leaflets,  as  affecting  their  forms  as  wholes,  have  to  be 
considered  in  their  relations  to  conditions.  Figs.  206,  207, 
represent  leaves  of  the  common  Oxalia  and  of  the  Marsilea, 
in  which  radial  symmetry  is  as  completely  displayed  as  the 
small  number  of  leaflets  permits.  This  equal  development 
of  the  leaflets  on  all  sides,  occurs  where  the  foot-stalks,  grow- 
ing up  verticoUy  fiom  creeping  or  underground  stems,  are 
30  long  that  the  leaves  either  do  not  interfere  with  one 
another  or  do  it  in  an  inconstant  way :  the  leaflets  are  not 
differently  conditioned  on  different  sides,  as  they  ore  where 
•Ihe  foot-stalks  grow  out  in  the  ordinary  manner.  How  un- 
hlceness  of  position  influences  the  leaflets  is  clearly  shown  in 
a  Clover-leaf,  Fig.  208,  which  deviates  from  the  Oxalis-leaf 
l\iit  slightly  towards  bilateralness^  as  it  deviates  from  it  but 
alightly  in  the  attitude  of  its  petiole ;  which  is  a  little  in- 
clined away  from  the  others  borne  by  the  same  procumbent 
asps.  A  familiar  example  of  an  ahnost-radial  symmetry 
along  with  almost  equal  relations  to  surroimding  conditions, 
occurs  in  the  root-leaves  of  the  Lupin,  Fig.  209,  b.  Here 
though  we  have  lateral  divergence  from  a  vertical  axis,  yet 
the  long  foot-stalks  preserve  nearly  erect  positions,  and 
carry  their  leaves  to  such  distances  from  the  axis,  that  the 
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development  of  the  leaflets  on  the  side  next  the  axis  is  not 
much  hindered.  Still  the  interference  of  the  leaves  with  one 
another  is,  on  the  average,  somewhat  greater  on  the  proximal 
side  than  on  the  distal  side ;  and  hence  the  interior  leaflets 
are  rather  less  than  the  exterior  leaflets.  In  further  proof  of 
which  influence,  let  it  be  added  that,  as  shown  in  the  figure, 
at  a^  the  leaves  growing  out  of  the  flowering-stem  devi- 
ate towards  the  two-sided  form  more  decidedly.'  Two- 
sidedness  is  much  greater  where  there  is  a  greater  rehitive 
proximity  of  the  inner  leaflets  to  the  axis,  or  where  the  foot- 
stalk approaches  toti'ards  a  horizontal  position.  The  Ilorse- 
chesnut,  Fig.  205,  already  instanced  as  shelving  how  the 
arrangements  and  sizes  of  leaves  are  determined  by  the 
incidence  of  forces,  serves  also  to  show  how  the  incidence 
of  forces  determines  the  relative  sizes  and  arrangements 
of    leaflets.      Fig.    210,    which    shows    a    leaf    of    tho 


Bambax,  further  iUnstrates  this  relation  of  structore  to  con- 
ditions. 

Compound  leaves  that  are  completely  bilateral,  present  ui 
with  modifications  of  form  exemplifying  the  same  general 
truth  in  another  way.  In  them  the  proximal -and  distal 
parts  have  none  of  that  resemblance  which  we  see  in  tho«e 
intermediate  forms  just  described :  the  portion  next  the  axis 
and  the  portion  furthest  from  the  axis  are  entirely  different ; 
and  the  only  likeness  is  between  the  wings  or  leaflets  on 
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stalk  or  midril).    On  toniiiig 
that  the  compoimd  leaf  there 
h,  serves  also  to  exemplify  this 
b,  c,  d,  vhile  they  ore  unlike 
In  proportions,  severally  like 
paired.     And  here  let  us  not 
li  ix  less  conspicuous  but  not 
:  lateral  vringa  has  winglets 
I  than  on  the  other ;   and  in 
similarly  conditioned.     Even 
eh  iving  may  be  traced  a  lilce 
ong  with  a  like  inequality  in 
proximal  half  of  each  leaflet 
listal  half.     In  the  leaves  of 
1,  kindred  facta  are  presented, 
velopment  are  duo  to  the  posi- 
bud;    how  far  the  respective 
:  irhen  uniblded  afiect  them; 
lered  unlike  by  nnlikenesaes  in 
jB  difScult  to  say.     Probably 
jn  all  varieties  of  proportion, 
^ome  ports  by  others  largely 
lences  from  symmetry,  is  very 
:ompound  leaves  of  the  Cow- 
rie of  these.  While  the  leaf  OS  a 


pi,  each  of  the  wings  has  on  un- 
e  side  next  the  axis  being  larger 
[  docs  this  happen  ?   Fig.  212, 
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which  is  a  diagrammatic  section  down  the  midrib  of  the 
leaf,  showing  its  inclined  attitude  and  the  positions  of  the 
wings  a,  &,  c,  will  make  the  cause  clear.  As  the  wings 
overlap  like  the  bars  of  a  Venetian  blind,  each  intercepts 
some  light  from  the  one  below  it;  and  the  one  below  it 
thus  suffers  more  on  its  distal  side  than  on  its  prosimal  sideJ 
Hence  the  smaller  development  of  the  distal  side.  That  thit 
is  the  cause  is  further  shown  by  the  proportion  that  is  maiu- 
taincd  between  the  degree  of  obscuration  and  the  degree  of 
non-development ;  for  this  unlikeness  is  greater  between  the 
two  sides  a  and  a',  than  between  h  and  h\  or  c  and  d^  at  the 
same  time  that  the  interference  is  greater  in  the  lower  wings 
than  in  the  upper.  Of  course  in  this  case  and  in  the  kindred 
cases  hereafter  similarly  interpreted,  it  is  not  meant  that  thi^ 
differentiation  is  consequent  solely,  or  even  chiefly,*  on 
the  differential  actions  experienced  by  the  individual  plan  t. 
Though  there  is  good  reason  to  believe  that  the  rate  of  grow  th 
in  each  part  of  each  leaf  is  affected  by  the  incidence  of  light, 
yet  contrasts  so  marked  and  so  systematic  as  these  ai^  not 
explicable  without  taking  into  account  the  inheritance  of 
modifications  either  functionally  caused  or  caused  by  spon- 
taneous variation.  Clearly,  the  tendency  will  be  toward5, 
the  preservation  of  a  plant  which  distributes  its  chlorophyll 
in  the  most  economical  way ;  and  hence  there  will  always  be 
a  gravitation  towards  a  form  in  which  shaded  parts  of  leavcts 
are  undeveloped. 

§  229.  From  compound  leaves  to  simple  ones,  we  find 
transitions  in  leaves  of  which  the  divisions  are  partial  in- 
stead of  total ;  and  in  these  we  see,  with  equal  clearness,  the 
relations  between  forms  and  positions  that  have  been  trac^ 
thus  far.  Fig.  213  is  the  leaf  of  a  Winter-aconite,  in  which, 
round  a  vertical  petiole,  there  is  a  radial  distribution  of  half- 
separated  leaflets.  The  Cfcn>j7ui-leaf,  Fig.  214,  shows  us  a' 
two-sided  development  of  the  parts  beginning  to  modify, ! 
but  not  obliterating,  the  all-sided  arrangement;  and  this' 
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nixed  symmetry  occurs  under  conditions  that  are  interme- 
liate.  A  more  marked  degree  of  tlie  same  relation  is  pre* 
lentcd  in  the  loaf  of  the  Lady's  Mantle,  Fig.  215.     And 


then  in  the  Sycamore  and  the  Vine,  we  have  a  cleft  type  of 
eaf  in  which  a  decided  bilateralness  of  form  co-exists  with 
•  decided  bilateralness  of  conditions. 

The  quite  simple  leaves  to  which  we  now  descend,  exhibit, 
,'ery  distinctly,  a  parallel  series  of  facts.  Where  they  grow 
ip\  on  long  and  completely-independent  foot-stalks,  without 
Icfinite  subordination  to  some  central  vertical  axis,  the 
eaves  of  water-plants  are  symmetrically  peltate.  Of  this 
ihesacredlndian-bean.  Fig.  216,  furnishes  an  example.  Here 
:here  is  only  a  trace  of  bilateralness  in  the  venation  of  the 
3af,  corresponding  to  the  very  small  difference  of  the  con- 
.(itions  on  the  proximal  and  distal  sides.  In  the  Victoria 
\egia,  Fig.  217,  the  foot-stalks,  though  radiating  almost 
lorizontally  from  a  centre,  are  so  long  as  to  keep  the  leaves 
jizite  remote  from  one  another ;  and  in  it  each  leaf  is  almost 
lyinmetrically  peltate,  with  a  bilateralness  indicated  only  by 
I  cseam  over  the  line  of  the  foot-stalk.  The  leaves  of  the 
^7i/mpha*a,  Fig.  218,  more  closely  clustered,  and  having  less 

#//  SIS 


room  transversely  than  longitudinally,  exhibit  a  marked 
idvance  to  the  two-sided  form ;  not  only  in  the  excess  of 
the  length  over  the  breadth,  but  in  the  existence  of  a  cloft, 
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•fit  leaf-stallo,  hf.t 

prrespondenco  wiitl] 
Id  their  gronping-  in- 
Natturiium,  Tig. 
^ing  stem,  long 
|t,  and  muyniine- 
;  dimensioii  is,  ol 
e;  Erlups  the  mos'k 
la  Cotyledon  utiAi~ 
J  symmstiy  occnr 
gifferencea  in  tiunr 
that  grow  t^  oa 
E^s  its  appearance,' 
[res  which  Bubae- 
tn  at  the  bottom 
giletely  biktersL  1 
ia  ordinary  foim,' 
gly,  the  drcnm-i 
^n  of  tlie  plunt'sj 
I  direction,  while  { 
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tronsTerselj  the  circumstances  are  alike.  It  is  needless  to 
giTO  diagrams  to  illustrate  this  extremely  familiar  truth. 
Whether  they  are  brood  or  long,  oval  or  heart-shaped,  pointed 
or  obtuse,  the  leaves  of  most  trees  and  plants  will  be  remem- 
bered by  all  as  having  the  ends  by  which  they  are  attached 
unlike  the  free  ends,  while  the  two  sides  are  alike.  And  it  will 
'jUso  be  remembered  that  these  equalities  and  inequalities  of 
development  correspond  with  the  equalities  and  inequalities 
in  the  incidence  of  forces. 

§  230.  A  confirmation  that  is  interesting  and  important, 
is  furnished  by  the  cases  in  which  leaves  present  unsymme- 
trical  forms  in  positions  where  their  parts  are  unsymmctri- 
colly  related  to  the  environment.  A  considerable  deviation 
from  bilateral  symmetry  may  be  seen  in  a  leaf  which  habitu- 
siUy  so  carries  itself,  that  the  half  on  the  one  side  of  the  midrib 
isr.  more  shaded  than  the  other  half.  The  drooping  branches  of 
the,  Lime,  exemplified  in  Fig.  222,  show  us  leaves  so  arranged 


tind  so  modified.    On  examining  their  attitudes  and  their 
r  elations  one  to  another^  it  will  be  found  that  each  leaf  is  so 
inL^.liued  that  the  half  of  it  next  the  shoot  grows  over  the 
sh'oot  and  gets  plenty  of  light ;  while  the  other  half  so  hangs 
down  that  it  comes  a  good  deal  into  the  shade  of  the  pre- 
evading  leaf.    The  result  is  that  having  leaves  which  fall  into 
tbese  positions,  the  species  profits  by  a  large  development  of 
thc^  exposed  halves ;   and  by  survival  of  the  fittest  acting 
al^ong  with  the  direct  effect  of  extra  exposure,  this  modifi- 
cation becomes  established.     How    unquestionable   is  the 
connexion  between  the  relative  positions  of  the  halves  and 
their  relative  developments,  wiU  be  admitted  on  observing  a 
Vol.  n.  7 


? 
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conyerse  case.  Fig.  223  represents  a  shoot  of  Qoldfattia 
glomeraia.  Here  the  leaves  are  so  set  on  the  stem  that  the 
inner  half  of  each  leaf  is  shaded  by  the  subseqnently-fonned 
leafy  while  its  outer  half  is  not  thus  shaded ;  and  here  we  find 
the  inner  half  less  deyeloped  than  the  outer  half.  But  the 
most  conclusiye  evidence  of  this  relation  between  unsymme- 
trical  form  and  unsymmetrical  distribution  of  surrounding^ 
forces,  is  supplied  by  the  genus  Begonia  ;  for  in  it  we  have 
a  manifest  proportion  between  the  degree  of  the  alleged 
effect  and  the  degree  of  the  alleged  cause.  These  plants 
produce  their  leaves  in  pairs,  in  such  a  way  that  the  connate 
leaves  interfere  with  one  another,  much  or  little  according 
as  the  foot-stalks  are  short  or  long ;  and  the  residt  is  a  cor- 
relative divergence  from  symmetry.  In  Begonia  wHumhiae- 
/olia,  which  has  petioles  so  long  that  the  connate  leaves  are  nof 
kept  close  together,  there  is  but  little  deviation  from  a  bilate  - 
rally-peltate  form;  whereas,  accompanying  the  comparu- 
tively  marked  and  constant  prosdmity  in  B.  pruinata,  Fig. 
224,  we  see  a  more  decidedly  unsymmetrical  shape ;  and  in 
B.  mahringiif  Fig.  225,  the  modification  thus  caused  is 
pushed  so  far  as  to  destroy  the  peltate  structure.* 

§  231.  Again,  then,  we  are  taught  the  same  truth.   Hero 
as  before,  we  see  that  homologous  units  of  any  order  becom^ 

• 

*  We  mtLj  note  that  some  of  these  learee,  is  thoee  of  the  Lime,  famish  iadicra. 
tions  of  the  ratio  which  exists  hetween  the  effects  of  indiTidnal  cirenmstances  ajic 
those  of  typical  tendencies.  On  the  one  hand,  the  leaTes  bone  by  these  droojmng 
branches  of  the  lime  are  with  hardly  an  ezoeptioa  nnsymmetrical  more  or  leu 
decidedly,  eren  in  positions  whers  the  causes  of  unsymmetry  are  not  in  action  t  s 
fiict  showing  ns  the  repetition  of  the  type  irrsspeetiTe  of  the  conditions.  On  t3i« 
other  hand,  the  degree  of  deriation  from  symmetry  is  extremely  Tariahle,  eren  (on 
the  same  shoot :  a  ihct  proiing  thai  the  cirenmstances  of  the  indiYidoal  leaf  an 
highly  influential  in  modifying  its  form.  Bnt  the  most  striking  eridenoe  of  thii 
direct  modification  is  afforded  by  the  socken  of  the  Lime.  Growing,  as  th«si 
do,  in  approximately  upright  attitudes,  the  loares  they  bear  do  not  stand  to  cm 
another  in  the  way  abore  described,  and  the  causes  of  unsymmetry  are  not  i^ 
action ;  and  here,  though  there  is  a  general  leaning  to  the  unsymmetrical  fonm 
a  large  proportion  of  the  leafes  become  quite  symmetrical.  ^    | 
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di/Ferentiated  in  proportion  as  their  relationa  to  incident 
forces  become  different.  And  here,  as  before,  we  see  that  in 
each  unity  considered  by  itself,  the  differences  of  dimension 
are  greatest  in  those  directions  in  which  the  parts  are  most 
diff^ently  conditioned ;  while  there  are  no  differences  be- 
tween the  dimensions  of  the  parts  that  are  not  differently 
.conditioned.* 

*  It  wu  by  an  obterration  on  the  fonna  of  ltt?M,  that  I  waa  first  led  to  the 
Tiewi  set  forth  in  the  preceding  and  loceeeding  chapters  on  the  morphological 
diiferentiatiott  of  plants  and  animals.  In  the  year  1851,  dttzing  a  oovntry 
ramble  in  which  the  stmctmes  of  plants  had  been  a  topie  of  conTcrsation  with  a 
friend— Mr  O.  H.  Lewes — I  happened  to  pick  np  the  leaf  of  a  butterenp,  and 
drawing  it  bj  its  foot-stalk  through  mj  fingers  so  as  to  thrust  together  its  deeply- 
cleft  diTiiioas,  obserred  that  its  palmate  and  almost  radial  form  was  changed 
into  a  bilateral  one ;  and  that  were  the  dirisiona  to  grow  together  in  this  new 
position,  an  ordinozy  bilateral  leaf  would  result  Joining  this  obserration  with 
the  fiuniliar  Aiet  that  leaTes,  in  common  with  the  larger  members  of  plants, 
hiibitually  torn  themselTes  to  the  light,  it  occurred  to  me  that  a  natural  change 
in*,  the  circumstances  of  the  leaf  might  readily  cause  such  a  modification  of  form  aa 
thaC  which  I  had  produced  artifidally.  U^  as  they  often  do  with  plants,  soil 
and ''Climate  were  greatly  to  change  the  habit  of  the  buttereop,  making  it 
braa'ehed  and  shrub-like ;  and  if  these  palmate  leuTea  were  thus  much  orcr- 
shodowed  by  each  other;  would  not  the  inner  segments  of  the  leares  grow 
towards  the  periphery  of  the  plant  where  the  light  was  greatest,  and  so  change 
the  palmate  form  into  a  more  deeidedly  bilateral  form?  Immediately  I  began  to 
look  round  for  evidenoe  of  the  relation  between  the  forms  of  leares  and  the  general 
ehanicten  of  the  plants  they  belonged  to ;  and  soon  found  some  signs  of  con- 
nexion. Certain  anomalies,  or  seeming  anomalies,  howeTer,  preTentcd  me  finom 
Wien  pursuing  the  inquiry  much  further.  But  consideration  cleared  up  these 
^filci^ties;  and  the  idea  afterwards  widened  into  the  general  doctzine  here 
elaborated.  Oceupation  with  other  things  prerented  me  firom  giring  expression 
to  this  general  doctrine  until  Jan.  1859 ;  when  I  published  an  outline  of  it  in 
jredieO'Chtrwyical  Smew, 
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I  232.  Following  an  order  like  that  of  preceding  chap- 
ters, let  us  first  note  a  few  typical  facts  respecting  the  forms 
of  clusters  of  flowers,  apart  from  the  forms  of  the  flowers  them- 
selves. Two  kindred  kinds  of  Leguminosm  will  serve  to  show 
how  the  membersof  dusters  are  distributed  inan  all-sided  man*: 
ner  or  in  a  two-sided  manner,  aooording  as  the  circumstances 
are  alike  on  all  sides  or  alike  on  only  two  sides.  In  JEKppo* 
erepi$,  represented  in  Fig.  226,  the  flowers  growing  at  the  end 

of  a  vertical  stem,  are  arranged 
round  it  in  radial  symmetry. 
Contrariwise  in  MelUoius,  Fig. 
227,  where  the  axillary  stem 
bearing  the  flowers  is  so 
placed  in  relation  to  the  main 
stem,  that  its  outer  and  inni^r 
sides  are  differently  condi- 
tioned, the  flowers  are  all  on 
the  outer  side :  the  cluster  i^ 
bilaterally  symmetrical,  since 
it  may  be  cut  into  approx- 
imately equal  and  similar 
groups  by  a  vertical  plane  passing  through  the  main  axis.^ 

Plants  of  this  saqe  tribe  furnish  clusters  of  intermediate 
characters  having  intermediate  conditions.  Among  these, 
as  among  the  clusters  whicn  other  types  present,  may  be 
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found  some  in  wlucli  conformity  to  tHe  general  law  is  not 
obvious.  The  discusaion  of  these  apparent  anomalies  would 
carry  us  too  much  out  of  our  course.  '^  A  clue  to  the  expLma- 
tion  of  them  will,  I  believe,  be  found  in  the  expknation 
presently  to  be  given  of  certain  kindred  anomalies  in  the 
forms  of  individual  flowers. 

§  233.  The  radially-symmetrical  form  is  common  to  all 
individual  flowers  that  have  vertical  axes.  In  plants  which 
are  practically  if  not  literally  uniaxial,  and  bear  their  flowers 
at  the  ends  of  upright  stalks,  so  that  the  faces  open  hori- 
zontally, the  petals  are  disposed  in  an  all-sided  way.  Cro- 
cuses, Tulips,  and  Poppies  are  familiar  examples  of  this  struc- 
ture occurring  under  these  conditions.  A  Ranunculus  flower. 
Fig.  228,  will  serve  as  a  typical  one.  Similarly,  flowers 
uj^  which  have  peduncles  flexible  enough  to 
let  them  hang  directly  downwards,  and 
are  not  laterally  incommoded,  are  also 
radial ;  as  in  the  Fuchsia^  Fig.  229,  as 
in  Cyclamen^  Hyacinth^  &c.  These  rela- 
tions of  form  to  position  are,  I  believe, 
uniform.  Though  some  flowers  carried  at  the  ends  of  up- 
right or  downright  stems  have  oblique  sbapes,  it  is  only  when 
they  have  inclined  axes  or  are  not  equally  conditioned  all 
round.  No  solitary  flower  having  an  axis  habitually  ver- 
tical, presents  a  bilateral  form.  This  is  as  we  should  expect, 
i?ince  flowers  which  open  out  their  faces  horizontally, 
Whether  facing  upwards  or  downwards,  are,  on  the  average, 
Ifimilarly  affected  on  all  sides. 

/  At  first  it  seems  that  flowers  thus  placed  should  alone 
Ibe  radial ;  but  further  consideration  discloses  conditions  under 
irhich  this  type  of  symmetry  may  exist  in  flowers  otherwise 
placed.  Bemembering  that  the  radial  form  is  the  primitive 
form — ^that,  morphologically  speaking,  it  results  from  the 
contraction  into  a  whorl,  of  parts  that  are  originally  arranged 
in  the  same  spiral  succession  as  the  leaves ;  we  must  expect 
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it  to  continue  whereyer  there  are  no  forces  tending  to  clmnjgpe 
it  Wliat  now  must  be  the  forces  tending  to  change  itP 
They  must  be  forces  which  do  not  simply  affect  differently 
the  different  parts  of  an  individual  flower ;  but  they  must  be 
forces  which  affect  in  like  contrasted  ways  the  homologous 
parts  of  other  individual  flowers,  both  on  the  same  plant  and 
on  surrounding  plants  of  the  same  species.  A  permanent 
modification  can  be  expected  only  in  cases  where,  by  inherit* 
ance,  the  effect  of  the  modifying  causes  accumulates.  That 
it  may  accumulate  the  flowers  must  keep  themselves  so  re- 
lated to  the  environment,  that  the  homologous  parts  may 
generation  after  generation  be  subjected  to  like  differentiating 
forces.  Hence,  among  a  plant's  flowers  which  maintain  no  uni- 
formity in  the  relations  of  their  parts  to  surroundinginfluences, 
the  radial  form  will  continue.  Let  us  glance  at  the  several 
causes  which  entail  this  variability.  When  flowers 

are  borne  on  many  branches,  which  have  all  inclinations  from^ 
the  vertical  to  the  horizontal — as  are  the  flowers  of  the  Appti, 
the  Plum,  the  Hawthorn — theyare  placed  in  countlessdifferent 
attitudes.  Consequently,  any  spontaneous  variation  in  shape 
which  might  be  advantageous  were  the  attitude  constant,  is 
not  likely  to  be  advantageous ;  and  any  functionally-produced 
modification  in  one  flower  is  likely  to  be  neutralized  in  off- ' 
spring  by  some  opposite  functionaUy-produced  modification 
in  another  flower.  It  is  quite  comprehensible,  therefore, 
that  irregularly-branched  plants  should  thus  preserve  their 
laterally-borne  flowers  from  undergoing  permanent  devia- 
tions from  their  primitive  radial  S3rmmetry.    Fig.  230,  re- 

^ji  qliS      presenting  a  Uossominp^' 

will       illustrate      this^ 
jC^^^-cifc^.^^^  ^rtSlfii    Again,  upright  panicles 

such  as  that  of  the 
Saxifrage,  shown  in  Fig. 
231,  and  irregular  terminal  groups  of  flowers  otherwise 
named,  furnish  conditions  under  which  there  is  similarly  aa 
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absence  of  determinate  relations  between  tlie  ports  of  tHe 
flowers  and  the  incident  forces;  and  hence  an  absence  of 
bihiterabiess.  This  inconstancy  of  rehitiye  position 

is  produced  in  yarious  other  ways — by  extreiue  flexibility  of 
the  peduncles,  as  in  the  Blue-bell ;  by  the  tendency  of  the 
peduncles  to  curl  to  a  greater  or  less  extent  in  diflerent 
directions,  as  in  P^rola  ;  by  special  twisting  of  the  peduncles, 
>lifiering  in  degree  in  diflerent  individuals,  as  in  Contol' 
cuius;  by  extreme  flexibiUty  of  the  jsetals,  as  in  Lythrum. 
Elsewhere  the  like  general  result  arises  from  a  progressive 
change  of  attitude ;  as  in  Mj/osotUy  the  stem  of  which  as  it 
unfolds  causes  each  flower  to  undergo  a  transition  from  an 
upward  position  of  the  mouth  to  a  lateral  position ;  or  as  in 
most  Cruci/ercB,  where  the  like  effect  follows  from  an  altered 
direction  of  the  peduncle. 

There  are,  however,  certain  seemingly  anomalous  cases 
"orhere  radial  sympathy  is  maintained  by  laterally-placed 
flowers,  which  keep  their  parts  in  relative  positions  that  are 
tolerably  constant.  The  explanation  of  these  exceptions  is 
not  manifest  It  is  only  when  we  take  into  account  certain 
incident  actions  liable  to  be  left  unremembered,  thut  we  find 
a  probable  solution.    It  will  be  most  convenient  to  postpone 

the  consideration  of  these  cases  until  we  have  reached  the 

» 

generol  rule  to  which  they  are  exceptions. 

I  t  

^  §  234.  Transitions  Yorymg  in  degree  from  the  radial  to- 
wards the  bilateral,  are  common  in  flowers  that  are  borne  at 
.the  ends  of  branches  or  axes  which  are  inclined  in  tolerably 
constant  ways.  We  may  see  this  in  sundry  garden  flowers 
isuch  as  Petunia,  or  such  as  lydcsa  and  Ac/iimenes  shown  in 

Figs.  232  and  233.  If  these 
plants  be  examined,  it  will 
be  perceived  that  the  mode 
of  growth  makes  the  flower 
unfold  in  a  partially  one- 
sided position;  that  its  parts  of  attachment  have  rigidity 
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sufficient  to  prercnt'  this  attitude  from  being  yerj  mizch 
interfered  with ;  and  that  though  the  individual  flowers  vary 
somewhat  in  their  attitudes,  the  j  do  not  vary  to  the  extent  of 
neutralizing  the  differentiating  conditions — ^there  remains  an 
average  divergence  from  a  horizontal  unfolding  of  the  flower, 
to  account  for  its  divergence  from  radial  symmetry. 

We  pass  insensibly  from  forms  like  these,  to  forms  having 
bilateral  symmetry  strongly  pronounced.  Some  such  forms 
occur  among  flowers  that  grow  at  the  ends  of  upright  stems ; 
as  in  Pinguicula,  and  in  the  Yiolet  tribe.  But  this  happens 
only  where  in  successive  generations  the  flower  unfolds  its 
parts  sidewajrs  in  constant  relative  positions.  And  in  the 
immense  majority  of  flowers  that  have  well-marked  two-sided 
forms,  the  habitual  exposure  of  the  different  parts  to  different 
sets  of  forces,  is  effectually  secured  by  the  mode  of  placing. 
As  illustrations  I  may  name  the  genera — Orchis,  Utrictthirin,. 
Saivia,  Salix,  Deiphinttm,  Mentha,  Teucrium,  Ajuga,  Ballota, 
Galeopsts,  Lamium,  Stachys,  Oiechama,  Marrubium,  Cakt^ 
mintha,  Clinopodium,  MeUttis,  Prunella,  Scutellaria,  Batf^ 
sia,  Euphrasia,  Bhinanthus,  Mclampyrum,  Pcdiciilaris,  Ltn- 
aria.  Digitalis,  Orobanehe,  Fumaria,  8fc, ;  to  which  may  be 
added,  all  the  Grasses  and  all  the  Papilionacea.  In  most  of 
these  cases  the  flowers,  being  sessile  on  the  sides  of  upright 
stems,  are  kept  in  quite  fixed  attitudes ;  and  in  the  o^er 
cases  the  peduncles  are  Tory  short,  or  else  stiff  enough  to 
secure  general  uniformity  in  the  positions.  A  few  of  the 
more  marked  types  are  shown  in  Figs.  234  to  241. 


r^i/  2J5^ 


Yery  instructive  evidences  here  meet  us.  Sometimes  with- 
in the  limits  of  one  genus  we  find  radial  flowers,  bilateral 
flowers,  and  flowers  of  intermediate  characters.  The  genus 
Begonia  may  be  instanced.    In  B.  Hgidi  the  flowers,  various 
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in  their  attitudes,  are  in  their  more  conspicuons  characters 
radial :  though  there  is  a  certain  bihiterolness  in  the  calyx, 
the  five  petals  are  symmetrically  disposed  aU  round.  B, 
Wagncriana  furnishes  two  forms  of  flowers :  on  the  same  in- 
dividual plant  may  be  found  radial  flowers  like  Fig.  242,  and 
others  like  Fig.  243  that  are  merging  into  the  bilateral. 
More  decided  is  the  bihitcralncss  in  2?.  albo-coccinea^  Fig.  244 ; 
and  still  more  in  JJ.  nitula.  Fig.  245.    While  in  JJ.  jatrophce- 
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/l//a,  Fig.  24G,  the  change  reaches  its  extreme  by  the  dis- 
appearance of  the  lateral  petals.  On  examining  the  modes  of 
^owth  in  these  several  species,  they  will  be  seen  to  explain 
f hese  changes  in  the  manner  alleged.  Even 

more  conclusive  ore  the  nearly-allied  tronsfornuttions  occur- 
ring in  artificially-produced  varieties  of  the  same  species. 
Gloxinia  may  be  named  in  illustration.  In  Fig.  247  is  repre- 
sented one  of  the  ordinary  forms,  whichshows  us  bilateralness  of 
shape  along  with  a  mode  of  growth  that  renders  the  conditions 
alike  on  the  two  sides  while  different  above  and  below.  But 
in  G.  erecta^  Fig.  248,  we 
have  the  flower  assuming  an  - 
upright  attitude,  and  at  the 
^ame  time  assuming  the  radial 
type.  This  is  not  to  be  inter- 
preted as  a  production  of  ra- 
dial symmetry  out  of  bilateral  symmetry,  under  the  action  of 
the  appropriate  conditions.  It  is  rather  to  be  taken  as  a  case 
of  what  is  termed  "pdoria" — a  reversion  to  the  primitive 
radial  type,  from  which  the  bilateral  modification  had  been 
derived.  The  significant  inference  to  be  drawn  from  it  is, 
that  this  primitive  radial  t}*pc  hud  an  uprigUt  attitude;  and 
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that  the  deriTajdon  of  a  bilateral  type  from  it,  occurred  along 
with  the  assumption  of  an  inclined  attitude. 

We  come  now  to  a  group  of  cases  above  referred  to>  in 
which  radial  symmetry  continues  to  oo-ezist  with  that  con- 
stant lateral  attitude  ordinarily  accompanied  by  the  two-sided 
form.  Two  examples  will  suffice :  one  a  very  large  flower, 
the  Hollyhocky  and  the  other  a  very  small  flower,  the  Agri- 
mony. Why  does  the  radial  form  here  remain  unchanged  P 
and  how  does  its  continuanco  consist  with  the  alleged  general 
kwP 

Until  quite  recently  I  have  been  unable  to  find  any  pro- 
bable answers  to  these  questions.  When  the  difficulty  first 
presented  itself,  I  could  think  of  no  other  possible  cause  for 
the  anomaly,  than  that  the  parts  of  the  IloUyhock-flowcr, 
unfolding  spirally  as  they  do,  might  have  difierent  degrees  of 
spiral  twist  in  different  flowers,  and  might  thus  not  be  unfolded 
in  sufficiently-constant  positions.  But  this  seemed  a  very 
questionable  interpretation ;  and  one  which  did  not  obviously* 
apply  to  the  case  of  the  Agrimony.  It  was  only  on  inquiring 
what  are  the  special  causes  of  modifications  in  the  forms  of 
flowers,  that  a  more  feasible  explanation  suggested  itself ;  and 
this  would  probably  never  have  suggested  itself,  had  not  Mr 
Darwin's  investigations  into  the  fertilization  of  Orchids  led 
me  to  take  into  account  an  unnoticed  agency. 

The  actions  which  afiect  the  forms  of  leaves,  affect  much 
less  decidedly  the  forms  of  flowers ;  and  the  forms  of  flowers 
are  influenced  by  actions  that  do .  not  influence  the  forms  of 
leaves.  Partly  through  the  direct  action  of  incident  forces 
and  partly  through  the  indirect  action  of  natural  selection, 
leaves  get  their  parts  distributed  in  ways  that  most  facilitate 
their  assimilative  functions,  under  the  circumstances  in  which 
they  are  placed ;  and  their  several  types  of  symmetry  are  thus 
explicable.  But  in  flowers,  the  petals  and  fructifying  orgami 
of  which  do  not  contain  chlorophyll,  the  tendency  to  grow 
most  where  the  supply  of  light  is  greatest,  is  less  decided,  if 
not  absent ;  and  a  shape  otherwise  determined  is  hence  less 
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liable  to  alter  in  consequence  of  altered  relations  to  sun  and 
air*  Gravity,  too,  must  be  comparatively  ineffective  in  caus- 
ing modifications :  the  smaller  sizes  of  the  parts,  as  well  as 
their  modes  of  attsushmcnt,  giving  them  greater  relative 
rigidity.  Not,  indeed,  that  these  incident  forces  of  the  inor- 
ganic world  are  here  quite  inoperative.  Fig.  9-^9 
240y  representing  a  species  of  CatujxMuh, 
shows  that  the  developments  of  individual  flow- 
ers are  somewhat  modified  by  the  relations  of 
their  parts  to  general  conditions.  But  the 
fact  to  bo  observed  is,  that  the  extreme  trans- 
formations which  flowers  undergo  are  not 
likely  to  be  thus  caused :  some  further  cause 
must  be  sought.  And  if  we  bear  in  mind 
the  functions  of  flowers,  we  shall  find  in  their 
adaptations  to  their  functions,  imder  conditions  that  are 
extremely  varied,  an  adequate  cause  for  the  different  types 
<it  symmetry,  as  well  as  for  the  exceptions  to  them.  Flow- 
ctrs  are  parts  in  which  fertilization  is  effected;  and  the 
active  agents  of  this  fertilization  are  insects — bees,  moths, 
butterflies,  &c.  Mr  Dorrvin  has  shown  in  many  cases,  that 
the  forms  and  positions  of  the  essential  organs  of  fructifica- 
tion, are  such  as  to  facilitate  the  actions  of  insects  in  trans- 
ferring pollen  from  the  anthers  of  one  flower  to  the  pistil  of 
another  — an  arrangement  produced  by  natural  selection. 
And  here  we  shall  find  reason  for  concluding,  that  the  forms 
and  positions  of  those  subsidiary  parts  which  give  the  gene- 
ral shape  to  the  flower,  similarly  arise  by  the  survival  of 
individuals  which  have  the  subsidiary  parts  so  adjusted  as  to 
aid  this  fertilizing  process — ^the  deviations  from  radial  sym- 
i  metry  being  among  such  adjustments.  The  reasoning  is  as 
follows.  So  long  as  the  axis  of  a  flower  is  vertical  and 

the  conditions  are  similar  all  round,  a  bee  or  butterfly  alight- 
ing on  it,  will  be  as  likely  to  come  from  one  side  as  from 
another ;  and  hence,  hindrance  rather  than  facilitation  would 
result  if  the  several  sides  of  the  flower  did  not  afford  it  eqnall}' 
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free  access.  In  like  manner,  flotrers  which  are  distribattd 
over  a  pknt  in  such  ways  that  their  discs  open  out  on 
planes  of  all  directions  and  inclinations,  will  hare  no  tend- 
ency to  lose  their  radial  symmetiy ;  since,  on  the  average, 
no  part  of  tho  periphery  is  differently  rehited  to  insect- 
agency  from  any  other  part.  But  flowers  so  fixed  as  to 
open  out  sideways  in  tolerably-constant  attitudes,  have 
their  i)etals  differently  related  to  insect-agency.  A  bee  or 
butterfly  coming  to  a  laterally-growing  flower,  does  not  set- 
tle on  it  in  one  way  as  readily  as  in  another ;  but  almost  of 
necessity  settles  with  tho  axis  of  its  body  inclined  upwards 
towards  the  stem  of  the  plant.  Hence,  the  side-petals  of  a 
flower  so  fixed,  habitually  stand  to  the  alighting  insect  in 
relations  different  from  those  in  which  the  upper  and  lower 
petals  stand ;  and  the  upper  and  lower  petals  differ  from  ono 
another  in  their  relations  to  it.  If,  then,  there  so  arises  an 
habitual  attitude  of  the  insect  towards  the  petals,  there  must 
be  some  particular  arrangement  of  the  petals  that  will  bo 
most  conyenient  to  the  insect — ^will  most  facilitate  its  en- 
trance into  the  flower.  Thus  we  see  in  many  cases,  that  a 
long  imdermost  petal  or  lip,  by  enabling  the  insect  to  settle 
in  such  way  as  to  bring  its  head  opposite  to  the  opening  of 
the  tube,  aids  its  fertilizing  agency.  But  whatever  be  the  spe- 
cial modifications  of  the  corolla  which  facilitate  the  actions  of 
tho  particular  insects  concerned,  all  of  them  will  conduce  to. 
bilateral  symmetry ;  since  they  will  be  alike  for  the  two  sides 
but  unlike  for  the  top  and  bottom.  And  now  we 

are  prepared  for  imderstanding  the  exceptions.  Flowers 
growing  sideways  can  become  thus  adapted  by  survival  of 
tiie  fittest,  only  if  they  are  of  such  sizes  and  structures  that 
insect-agency  can  affect  them  in  the  way  described.  But . 
in  the  plants  named  above,  this  condition  is  not  fulfilled.  A 
HoUyhock-flower  is  so  open,  as  well  as  so  large,  that  its  petals 
are  not  in  any  appreciable  degree  differently  related  to  the 
insects  which  visit  it.  On  the  other  hand,  the  flower  of  the 
Agrimony  is  so  small,  that  unless  visited  by  insects  of  a 
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corresponding  size  wluch  settle  as  bees  and  butterflies  settle, 
its  ]|r)arts  will  not  be  affected  in  the  alleged  manner.  That 
all  anomalies  of  this  kind  can  at  once  be  satisfactorily  ex- 
plained, is  scarcely  to  be  expected:  the  circumstances  of 
each  case  have  to  be  studied.  But  it  seems  not  improbable 
that  they  are  all  due  to  causes  of  the  kind  indicated. 

§  285.  yfe  have  already  glanced  at  clusters  of  flowers 
for  the  purpose  of  considering  their  shapes  as  clusters.  Wo 
must  now  return  to  them  to  observe  the  modifications  under- 
gone by  their  component  flowers.  Among  these  occur  illus- 
trations of  great  significance. 

An  example  of  transition  from  the  radial  to  the  bilateral ' 
form  in  clustered  flowers  of  the  some  species,  is  furnished  by 
the  cultivated  Geraniums,  called  by  florists  Pelargoniums. 
Some  of  these  bearing  somewhat  small  terminal  clusters 
of  flowers,  which  are  closely  packed  together,  with  their 
fhces  almost  upwards,  have  radially-symmetrical  flowers. 
But  among  other  varieties  having  tenninal  clusters  of  which 
the  members  are  mutually  thrust  on  one  side  by  crowding, 
the  flowers  depart  very  considerably  from  the  radial  shape 
towards  the  bilateral  shape.  A  like  result  occurs  under 
like  conditions  in  Bhododendrons  and  Azaleas.  The  Verbena, 
too,  furnishes  an  illustration  of  radial  flowers  rendered 
slightly  two-sided  by  the  slight  two-sideness  of  their  rela- 
tions to  other  flowers  in  the  cluster.  And  among  the  Cmci* 
ferce,  a  kindred  case  occurs  in  the  cultivated  Candytuft. 

Evidence  of  a  somewhat  different  kind,  is  offered  us  by 
clustered  flowers  in  which  the  peripheral  members  of  the  . 
clusters  differ  from  the  central  members ;  and  this  evidence 
is  especially  conclusive  where  we  find  allied  species  that  do 
not  exhibit  the  deviation,  afc  the  same  time  that  they  do  not 
fulfil  the  conditions  under  which  it  may  be  expected.  Thus, 
in  Scahiosa  sueeisa,  Fig.  250,  which  bears  its  numerous  small 
flowers  in  a  hemispherical  knob,  the  component  flowers, 
similarly  circumstanced,  are  all  equal  and  all  radial ;  but  in 
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SeabioBa  arrensis.  Fig.  251,  in  wliich  the  naniennis  mtall 

^ ..,, .  flowers  form  a  flattened  disk, 

^^^^j^^fti^j^^  onlj  the  confiiied  ceatial  ones 
5^  C^^=j$^^r^£:  are  radial:  xoimd  the  edge  the 
^  ^      flowers  aie  much  larger,  and 
conspicuously  bilateniL  | 

But  the  meet  remarkable  i 
and  most  conclusiTe  proofs  of  these  relations  between  forms 
and  positions,  are  those  given  by  the  clustered  flowers  called 
Umbellifera.  In  some  cases,  as  where  the  component  flowers 
have  all  plenty  of  room,  or  whcro  the  sorfiice  of  the  nmbel  is 
more  or  less  globular,  the  modifications  are  not  conspicuous ; 
but  where,  as  in  Viburnum,  C/iccrop/if/Uum,  Anihriscua,  Torilis, 
CaucaliSf  DaucuSy  Tordf/lium,  &c.,  we  have  flowers  clustered 
in  such  ways  as  to  be  difierently  conditioned,  we  find  a  num- 
ber of  modifications  that  are  marked  and  varied  in  propor- 
tion as  the  di&rences  of  conditions  are  marked  and  Taried.  * 
In  ChmrophyUum^  where  the  flowers  of  each  umbellule  are 
closely  placed  so  as  to  form  a  flat  surface,  but  where  the 
umbellules  are  wide  apart  and  fprm  a  dispersed  umbel,  the 
umbellules  do  not  difler  from  one  another ;  though  among  the 
flowers  of  each  umbellule  there  are  decided  diflerences — the 
central  flowers  being  small  and  radial,  while  the  peripheral 
ones  are  large  and  bilateral.  But  in  other  genera,  where  not ' 
only  the  flowers  of  eacb  umbellule  but  also  the  umbellules 
themselves  are  closely  clustered  into  a  flat  sur£su»,  the  umbel-  . 
lules  themselves  become  contrasted;  and  many  remarkable 
secondary  modifications  arise.  In  an  umbel  of  HeracUrnn^ 
for  instance,  there  are  to  be  noted  the  facts: — ^first,  that  the^ 
external  umbellules  are  larger  than  the  internal  ones; 
second,  that  in  each  umbellule  the"  central  floweln  are  les^ 
developed  than  the  peripheral  ones  ;  third,  that  this  greater 
development  of  the  peripheral  flowers  is  most  marked  in  the 
outer  umbellules ;  fourth,  that  it  is  most  marked  on  the  outer 
sides  of  the  outer  umbellules ;  fifth,  that  while  the  interior 
flowers  of  each  umbellule  are  radial,  the  exterior  ones  are 
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also  their  outward-growing  prolongations — a  dificronce/pos 
aiblj  related  to  some  difference  in  the  habits  of  the  ihsecti 
that  fertilize  them.  Nevertheless,  these  composite  flowcn 
which  have  inner  florets  with  strap-shaped  corollas  out 
wardly  directed,  equally  conform  to  the  general  principle 
both  in  the  radial  arrangement  of  the  assemblage  of  florets 
and  in  the  bilateral  shape  of  each  floret;  which  has  iti 
parts  alike  on  the  two  sides  of  a  line  passing  from  the  centre 
of  the  assemblage  to  the  circumference.  Certain 

other  members  of  this  order  fulfil  the  law  somewhat  differ- 
ently. In  Centaitrea,  for  instance,  the  inner  florets  are  small 
and  vertical  in  direction,  while  the  outer  florets  are  large  and 
lateral  in  direction.  And  here  may  be  remarked,  in  passing, 
a  clear  indication  of  the  effect  which  great  flexibility  of  tlx. 
petals  has  in  preventing  a  flower  from  losing  its  origina^ 
radiate  form ;  for  while  in  C.  ct/anM,  the  large  outward-grow 
ing  florets,  having  short,  stiff  divisions  of  the  corolla,  ai-« 
decidedly  bilateral,  in  C,  scabiosa,  where  the  divisions  of  the 
corolla  are  long  and  flexible,  the  radial  form  is  scarcely/ ut 
all  modified.  On  bearing  in  mind  the  probable  relations  oi 
the  forms  to  insect-agency,  the  meaning  of  this  difference 
will  not  be  di£Scult  to  understand. 


§  236.  In  extremely-varied  ways  there  are  thus  re-illup.- 
trated  among  flowers,  the  general  laws  of  form  which  leavers 
and  branches  and  entire  plants  disclose  to  us.  Composed  im 
each  cluster  of  flowers  is  of  individuals  that  are  originally 
similar ;  and  composed  as  each  flower  is  of  homologous  foUar 
organs ;  we  see  both  that  the  like  flowers  become  unlike  and* 
the  like  parts  of  each  flower  become  unlike,  where  the  posiV< 
lions  involve  imlike  incidence  of  forces.  The  svmmetryi 
remains  radial  where  the  conditions  are  equal  all  round ; 
shows  deviation  towards  two-sidedness  where  there  is  slight 
two-sidedness  of  conditions;  becomes  decidedly  bilateral 
where  the  conditions  are  decidedly  bilateral ;  and  pisses  into 
an  unsymmetrical  form  whcro  the  rclutious  lo  the  environ- 
ment are  unsymmetricoL 
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e  to  give,  in  Fig.  254,  re- 

nirioco  of 

■nthis  it 

miB  cells 
external 

Xlie  layer 
flof 

^ediffer- 

SSlated  to  *" 

tf  fonjes.   Their  dirergences  fiom 

ach  oa  correspond  mth  tho  un- 

ftnces  of  their  reapectiTe   aides. 

iovr  thffln.     And  throughout  the 

tvhich  the  cells  of  other  tissues 

ence  holds. 

)rder  of  aggregation,  we  hare  ol- 

metomorphoBcd  as  thoy  becnmo 

^  hi;  definite  organizations.    The 
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)meirliat  from  the  two  outer  halyes.  So^  too^  of  the  type 
semplified  by  Fig.  10,  it  is  to  be  noted  that  besides  tho 
ifference  between  the  tnmsverse  and  longitudinal  dimensions, 
'hich  the  component  units  display  in  common,  the  two  end 
nits  differ  from  tho  rest :  they  hare  appendages  which  tho 
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■%^ 
^ 
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'^t  have  not.  Once  more,  where  the  integration  is  car- 
.txL  on  in  such  ways  as  to  produce  not  strings  but  clusters, 
lere  arise  contrasts  and  correspondences  just  such  as  might 
€1-  looked  for.  All  the  four  members  of  the  group  shown  in 
Ig.  12,  are  similarly  conditioned ;  and  each  of  them  has 

bilateral  shape  answering  to  its  bilateral  relations.  In 
«*ig.  14  we  have  a  number  of  similarly-bilateral  individuals 
•n  the  circumference,  including  a  central  individual  differing 
•cm   the   rest  by  having  the  bilateral  character   nearly 

•literated.    And  then,  in  Fig.  15,  wo  have  two  central 

inponents  of  the  group,  deviating  more  decidedly  from 

)8e  that  surround  them. 

These  few  typical  facts,  which  must  be  taken. like  the  few 
lical  facts  grouped  in  each  of  the  foregoing  chapters  as 
icating  a  mass  of  evidence  too  great  to  be  here  detailed, 

01  sufficiently  show  that  from  the  most  complex  vegetal 
ypes  down  to  the  most  simple,  the  laws  of  morphological 
lifferentiation  remain  the  same. 


chapteh  hl 


CHANGES  OF  SHAPE  OTHERWISE  CAUSED. 


§  238.  Besides  the  more  special  causes  of  modification  i 
tho  shapes  of  phmts  and  of  their  parts,  certain  more  gener. 
causes  must  be  briefly  noticed.  These  may  be  described  i 
consequences  of  Tariations  in  the  total  quantities  of  tit 
matters  and  forces  furnished  to  plants  by  their  enTironmeiZit 
Some  of  the  changes  of  form  so  produced  are  displayed  t 
plants  as  wholes,  and  others  only  by  their  parts.  We  wi 
glance  at  them  in  this  order. 

§  239.  It  is  a  familiar  fact  that  luxuriant  shoots  hare  re 
latively-long  intcmodes;  and,  conyersely,  that  a  sho^* 
dwarfed  from  lack  of  sap,  has  its  nodes  closely  clustered :  tj:; 
result  being  that  the  lateral  axes,  where  these  are  deTelop«ec 
become  in  the  one  case  far  apart  and  in  the  other  case  nca 
together.    Fig.  255  represents  a  branch  to  the  parts  of  whiic; 

the  longer  and  shorter  intemodes  so  resujf 
ing  give  differential  characters.    A  wbiol 
tree  being  in  many  cases  8imultaneoui|l 
thus  affected  by  states  of  the  earth  or  th 
air,  all  parts  of  it  may  haye  such  yaria 
tions  impressed  on  them ;  and,  indeed,  suci 
variations,  following  more  or  less  regu- 
larly the  changes  of  the  seasons,  give  U 
many  trees  manifest  traits  of  structorot 
In   Fi[^.  256,   a  shoot  of  FhyUocadui 
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ena^M,  we  Have  on  interesting  example  of  a  Toriation  essen- 
ally  of  the  some  nature,  little  as  it  appears  to  be  so.  For 
ich  of  tlie  lateral  indentations  ia  here  the  seat  of  an  axillary 
ad ;  and  these  we  see  are  separated  by  intemodes  which, 
^coming  broader  as  they  become  longer,  and  narrower  as 
ley  become  shorter,  produce  changes  of  form  that  correspond 
1th  changes  in  the  luxuriance  of  growth. 
To  complete  the  statement  it  must  be  added  that  these 
ariations  of  nutrition  often  determine  the  development  or 
on-development-  of  lateral  axes ;  and  by  so  doing  cause  still 
lore  marked  structural  differences.  The  Fox-glove  may  be 
amed  as  a  plant  which  illustrates  this  truth. 

§  240.  From  the  morphological  differentiations  caused  by 

nlikenesses  of  nutrition  which  the  whole  plant  feels,  we  pass 
0  w  to  those  which  are  thus  caused  in  some  of  its  parts  and 
ot  in  others.  Among  such  are  the  contrasts  between 
owering  axes,  and  the  axes  that  bear  leaves  only.  It  has 
Iready  been  shown  in  §  78,  that  the  belief  expressed  by 
Volff  in  a  direct  connexion  between  fructification  and  innu- 
rition,  is  justified  inductively  by  many  facts  of  many  kinds, 
deductively  too,  in  §  79,  we  saw  reason  to  conclude  that  such 

relation  would  be  established  by  survival  of  the  fittest ; 
b^ing  that  it  would  profit  a  species  for  its  members  to  begin 
eliding  off  migrating  germs  from  the  ends  of  those  axes 
ifpck  innutrition  prevented  from  further  agiomogenetic  mul- 
i|>lication.  Once  more,  when  considering  the  nature  of  the 
)fa.8enogamic  axis,  we  found  support  for  this  belief  in  the  fact 
hitt  ihe  components  of  a  flower  exhibit  a  reversion  to  that 
ype  &om  which  the  pheenogamic  type  has  probably  arisen — 
^reversion  which  the  laws  of  embryology  would  lead  us  to 
ook  for  where  innutrition  had  arrested  development. 

Hence,  then,  we  may  properly  count  those  deviations  of 
structure  which  constitute  inflorescence,  as  among  the  mor- 
phological differentiations  produced  by  local  innutrition.  I  do 
aot  mean  that  the  detailed  modifications  which  the  essential 
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and  sabservient  organs  of  finctification  display,  are  tb 
accounted  for:  we  have  seen  reason  to  think  them  otherwi 
caused.  Bat  I  mean  that  the  morphological  characters  whii 
distinguish  gamogenetic  axes  in  general  fiom  agamogenet 
axes,  such  as  non-derelopment  of  the  intemodes,  and  dwac 
ing  of  the  foliar  organs,  are  primarily  results  of  failure  \ 
the  supply  of  some  material  required  for  further  growth.* 

fl  241.  Another  trait  which  has  to  be  noticed  under  th 
head,  is  the  spiral,  or  rather  the  helical,  arrangement  « 
parts.  The  successive  nodes  of  a  phaenogam  habitually  bes 
their  appendages  in  ways  implying  more  or  less  twist  in  tt 
substance  of  the  axis ;  and  in  climbing  plants  the  twist  is  sue 
as  to  produce  a  corkscrew  shape.  This  structure  is  ascribabi 
to  differences  of  interstitial  nutrition.  Taking  a  shoot  th?, 
is  growing  vertically,  it  is  clear  that  if  the  molecules  ai 
added  with  perfect  equality  on  all  sides,  there  will  be*  r 
tendency  towards  any  kind  of  lateral  deviation;  and  tih 
successively-produced  parts  will  be  perpendicularly  over  on 

*  It  is  Vat  jiift  to  the  mmnory  of  Wolff,  lien  to  point  out  that  he  wu  ia 
memolj  in  idTtnee  of  Goethe  in  hie  rationale  of  theee  metamorphoeee.  Whaten 
greater  elahoratioa  GoSthe  gare  to  the  theory  eonadered  as  an  indnctioa,  lecir 
to  me  more  than  eonnter-balaaeed  hj  the  imtionalitj  of  hie  dedoetiTe  intcrprr 
ation;  which  mites  nediaral  phjsiology  with  Flatonie  philoeophj.  A  domi* 
ant  idea  with  him  is  that  leares  exist  for  the  porpoee  of  earrying  off  crude  joicea-^ 
that  ^  as  long  as  there  are  erode  jmoca  to  he  caxiied  ofl^  the  plant  mvst  be  pn 
■Tided  with  organs  competent  to  effect  the  task ;"  that  while  **  the  len  pars  fliai^ 
are  got  rid  of,  porer  ones  are  introdnced ;"  and  that  '*  if  nonrishment  is  withhvh 
that  operation  of  natnre  (flowering)  is  fhciUtated  and  hsstened ;  the  organs  of  th 
nodes  (leaTSs)  become  more  refined  in  texture,  the  action  of  the  porified  jiuci 
becomes  stronger,  and  the  transformation  of  parts  hsTing  now  become  posstbli 
takss  place  without  delay."  This  beiag  the  proximate  explanation,  the  ultimat 
explanation  is,  that  Xature  wishes  to  finm  flowers^that  when  a  plant  flowers/  i 
''attains  the  md  proscribed  to  it  by  nature ;"  and  that  so  ^  nature  at  length' aC 
tains  her  object"  Instead  of  fitiating  his  induction  by  a  teleology  that  is  a 
unwarranted  in  its  sssigned  object  as  in  its  assigned  means,  Wolff  aicribea  thi 
phenomena  to  a  cause  which,  whether  suflleient  or  not,  is  strictly  scientific  ii 
its  character.  Variation  of  nutrition  is  unquestioiably  a  **  true  canse  "  of  Tan 
ation  in  plant-structure.  We  haTo  here  no  imaginary  action  of  a  fictitious  agency 
but  an  ascertained  action  of  a  known  agency. 
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inotJier.  Bat  any  inequality  in  the  rate  of  growth-on  fhe 
liffcrent  sides  of  the  shoot,  will  destroy  this  straightness  in 
:he  lines  of  growth.  If  the  greatest  and  least  rates  of  mole- 
cular increase  happens  to  be  on  opposite  sides,  the  shoot  must 
issumo  a  curve  of  single  curvature ;  but  in  eveiy  other  case 
3f  unequal  molecular  increase,  a  curve  of  double  curvature 
mil  result.  Now  it  is  a  coroUarv  from  the  instability  of  the 
homogeneous,  that  the  rates  of  growth  on  all  siden  of  a  shoot 
(;an  never  be  exactly  alike ;  and  it  is  to  be  also  inferred  from 
the  same  general  law,  that  the  greatest  and  least  rates  of  growth 
will  not  occur  on  exactly  opposite  sides  of  the  shoot,  at  the 
same  time  that  equal  rates  of  growth  are  preserved  by  the 
two  other  sides.  Hence,  there  must  almost  inevitably  arise 
more  or  less  of  twist ;  and  the  appendages  of  the  intcmodcs 
will  so  be  prevented  from  occurring  perpendicularly  one  over 
ii^nother. 

'A  deviation  of  this  kind,  necessarily  initiated  by  physical 
cixuses  in  conformity  with  the  general  laws  of  evolution,  is 
likely  to  be  made  regular  and  decided  by  natural  selection. 
For  under  ordinary  circumstances,  a  plant  will  profit  by  hav- 
ing its  axis  so  twisted  as  to  bring  the  appended  leaves  into 
positions  that  prevent  them  from  shading  one  another.  And, 
.•nanifestly,  modifications  in  the  forms,  sizes,  and  insertions 
3f  the  leaves,  may,  und^r  the  same  agency,  lead  to  adapted 
^nodifications  of  the  twist.  We  must  therefore  ascribe  this 
summon  characteristic  of  phaenogams,  primarily  to  local  differ- 
ences of  nutrition,  and  secondarily  to  survival  of  the  fittest. 

',It  is  proper  to  add  that  there  are  some  Monocotyledons, 
OS'  TJrania  speciosa,  in  which  this  character  does  not  occur. 
What  conditions  of  eidstence  they  are  that  here  hold  this 
natural  tendency  in  check,  it  is  not  easy  to  see.^ 

*  The  IfatmrtU  Suto/y  Mttmo  for  July,  1865,  contained  an  article  on  the  doc. 
trine  of  morphological  eompoiition  eet  forth  in  the  foregoing  Chapt.  I.  te  III.  In 
thia  article,  which  nnitee  expoeition  and  eriticiim  in  a  way  that  is  unhappily  not 
coDunoa  with  reriewen,  it  is  mggested  that  the  ipiral  itnictnre  may  he  caused 
hy  natural  selection.  When  this  article  appeared,  the  foregoing  Sto  pages  were 
standing  oTor  in  type,  as  surplus  from  No.  14,  issued  in  June,  1865. 
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CHAPTER  XnL 


MORPHOLOGICAL  DIFFERENTLiTION  IN  ANIICALS. 


S  242.  The  general  considerations  whicH  preluded  our  in 
quiry  into  the  shapes  of  plants  and  their  parts,  equally  serve 
so  far  OS  they  go,  to  prelude  an  inquiry  into  the  shapes  c 
animals  and  their  parts.  Among  animals,  as  among  planb 
the  fonnation  of  aggregates  greater  in  bulk  or  higher  i 
degree  of  composition,  or  both,  is  accompanied  by  changes'c 
form  in  the  aggregates  as  wholes  as  well  as  by  changed  d 
form  in  their  parts ;  and  the  processes  of  mozphologica 
differentiation  conform  to  the  same  general  laws  in  the  oni 
kingdom  as  in  the  other. 

It  is  needless  to  recapitulate  the  several  kinds  of  modi& 
cation  to  be  explained,  and  the  seyeral  factors  that  co 
operate  in  working  them.  In  so  fiir  as  these  are  comm()L4 
to  plants  and  animals,  the  preceding  chapters  have  si^ 
ficiently  familiarized  them.  Nor  is  it  needful  to  specifi 
afresh  the  several  types  of  symmetry  and  their  descriptivj 
names ;  for  what  is  true  of  them  in  the  one  case  is  trud  oi 
them  in  the  other.  There  is,  however,  one  new  and  all 
important  &ctor  which  we  shall  have  now  to  take  iziti 
account;  and  about  this  a  few  preliminary  remarks  an 
requisite.  ' 

\  243.  This  new  feu^tor  is  motion — amotion  of  the  organisa 
in  relation  to  surrounding  objects,  or  of  the  parts  of  the 


MOBFHOLOGICAL  DIFFERENTIATION   IN  ANIMALS.         167 

organism  in  relation  to  one  another,  or  both.  Though  there 
are  plants,  especially  of  the  simpler  kinds,  wluch  move, 
and  though  a  few  of  the  simpler  animals  do  not  moye ;  jet 
movements  are  so  exceptional  and  imobtrusiye  in  the  one 
kingdom,  while  thej  are  so  general  and  conspicuous  in  the 
other,  that  the  broad  distinction  commonly  made  is  well 
warranted.  What,  among  plants,  is  an  inappreciable  cause 
of  morphological  differentiation,  becomes,  among  animals,  tho 
chief  cause  of  morphological  differentiation. 

Animals  that  are  rooted  or  otherwise  fixed,  of  course  present 
traits  of  structure  nearest  akin  to  those  we  have  been  latelv 
studying.  The  motions  of  parts  in  relation  to  one  another 
and  to  the  environment,  being  governed  by  thft  mode  of  aggre- 
gation and  mode  of  fixing,  we  are  presented  tinth  morphological 
differentiations  similar  in  their  general  characters  to  those  of 
plants,  and  showing  us  parallel  kinds  of  symmetry  under 
parallel  conditions.  But  animals  which  move  from  place 
to  place  are  subject  to  an  additional  class  of  actions  and  re- 
actions. These  actions  and  reactions  affect  them  in  various 
ways  according  to  their  various  modes  of  movement.  Let  us 
glance  at  the  several  leading  relations  between  shape  and 
motion  which  we  may  expect  to  find. 

If  an  organism  advances  through  a  homogeneous  medium 
with  one  end  always  foremost,  that  end,  being  exposed  to 
forces  unlike  those  to  which  the  other  end  is  exposed,  may 
be  expected  to  become  unlike  it ;  and  supposing  this  to  be 
the  only  constant  contrast  of  conditions,  we  may  expect  an 
^equal  distribution  of  the  parts  round  the  axis  of  move- 
inent-a  radM  symmetry.  If  in  addition  to  this 

habitual  attitude  of  the  ends,  one  sur&ce  of  the  body  is 
always  uppermost  and  another  always  lowermost,  there  arise- 
between  the  top  and  bottom  dissimilarities  of  conditions, 
while  the  two  sides  remain  similarly  conditioned.  Hence  it 
is  inferable  that  such  an  oi^anism  will  be  divisible  into 
similar  halves  by  a  vertical  plane  passing  through  its  axis  of 
motion — ^wiU  have  a  bilateral  symmetry.  We  may  presume 
Vol.  It  8 
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tliat  Una  symmetzy  will  deviate  but  little  from  double 
bilateralness  where  the  upper  and  under  porta  ore  not  exposed 
to  strongly-contrasted  influences;  while  we  may  rationally 
look  for  single  bilateral  symmetry  of  a  decided  kind,  in 
creatures  having  dorsal  and  yentral  parts  conversant  with 
very  imlike  regions  of  the  environment:  as  in  all  cases 
where  the  movement  is  over  a  solid  surface.  If  the 

movement,  though  over  a  solid  surface,  is  not  constant  in 
direction,  but  takes  place  as  often  on  one  side  as  on  another, 
radial  symmetry  may  be  again  looked  for ;  and  if  the  motions 
are  still  more  variously  directed — ^if  they  are  not  limited  to 
approximately-plane  surfaces,  but  extend  to  surfaces  that  are 
distributed  all  around  with  a  regular  irregularity — an  ap- 
proach of  the  radial  towards  the  spherical  symmetry  is  to  be 
anticipated.  Where  the  habits  are  such  that  the 

intercourse  between  the  organism  and  its  environment,  does 
not  involve  an  average  equality  of  actions  and  reactions  on  > 
any  two  or  more  sides,  there  may  be  expected  either  total  - 
irregularity  or  some  divergence  from  regularity.  } 

The  like  general  relations  between  forms  and  incident 
forces  are  inferable  in  the  component  parts  of  animals,  as 
well  as  in  the  animals  as  wholes.     It  is  needless,  however,  to 
occupy  space  by  descriptions  of  these.     Let  us  now  pass  to  * 
the  facts,  and  see  how  they  confirm,  a  pwtertori^  the  con-  '; 
elusions  here  reached  a  pnori. 


> 
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CHAPTER  XIV. 

THE  QENESAL  SHAPES  OF  ANIMALS. 

I  244.  Certain  of  the  Protozoa  are  quite  indefinite  in 
their  shapes,  and  qiiite  inconstant  in  those  indefinite  shapes 
.which  they  have-^the  rehttions  of  their  parts  are  indeter- 
.minato  both  in  space  and  time.     In  one  of  tho   simpler 
JS^hizopodSi  at  least  daring  the  actire  stage  of  its  exLstenco, 
no  permanent  distinction  of  inside  and  outside  is  established; 
and  hence  there  can  arise  no  established  correspondence 
between  the  shape  of  the  outside  and  the  distribution  of 
environing  actions.     But  when  the  relation  of  inner  and 
outer  becomes  fixed,  either  over  part  of  the  mass  or  over  the 
whole  of  it,  we  have  kinds  of  symmetry  that  correspond 
with  the  habitual  incidence  of  forces.    An  Amaha  in  be- 
coming encysted,  which  we  may  regard  as  the  production 
iin  it  of  a  differentiation  between  superficial  parts  and  central 
parts,  passes  from  an  indefinite,  ever-changing  form  into 
Vk  spherical  form ;  and  the  order  of  symmetry  which  it  thus 
assumes,  is  in  harmony  with  the  average  equality  of  the 
actions  on  all  its  sides.    In  Dijlugia,  Fig.  134,  and  still 
better  in  Arcella^  we  have  an  indefinitely-radial  symmetry 
occurring  where  the  conditions  are  different  above  and  below 
but  alike  all  around.     Among  the  Oregarinida  the  spherical 
symmetry  and  symmetry  passing  from  that  into  the  radial, 
ore  such  as  appear  to  be   congruous   with  the  simple  cir- 
cumstances of  tliese  creatures  in   tho  intestines  of  insects. 
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Bat  the  relations  of  these  lowest  types  to  their  enTiroxinients 
are  comparatiyelj  so  indetenninate,  and  oor  knowledge  of 
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their  actions  so  scanty,  that  little  beyond  negative  eridence 
can  be  expected  from  the  study  of  them. 

The  like  may  be  said  of  the  Infusoria,    These  are  more 
or  less  irregular.     In  some  cases  where  the  line  of  moTc- 
ment  through  the  water  is  tolerably  definite  and  constant 
we  have  a  form  that  is  approximately  radial— externally  at 
least.    But  usually,  as  shown  in  Figs.  137,  138^  139,  there  is 
either  an  unsymmetrical  or  an  asymmetrical  shape.  And  when 
one  of  these  creatures  is  watched  under  the  microscope,  they 
cong^ruity  of  this  shape  with  the  incidence  of  forces  is  mani- ) 
fest.     For  the   movements   are  conspicuously  T&ried   an^ 
indeterminate — movements  which  do  not  expose  any  two 
or  more  sides  of  the  mass  to  approximately  equal  sets  of 
actions. 

§  245.  Among  aggregates  of  the  second  order,  as  among  . 
Aggregates  of  the  first  order, we  find  that  of  those  possessing ' 
any  definite  shapes  the  lowest  are  spherical  or  spheroidaL  < 
Such  are  the  ThalasdcolltB.     These  gelatinous  bodies  which' 
float  passively  in  the  sea,  and  present  in  turn  all  their  sidei 
to  the  same  influences,  have  their  parts  disposed  with  ap; 
proximate  regularity  all  around  a  centre.    In  some  orders 
of  Foraminifera^  as  for  instance  the  Nummulites,  we  have 
secondary  aggregates  the  parts  of  which  ara  spiitdly  ar- 
ranged, approximately  in  harmony  with  the  radial  relations 
of  the  society  to  the  environment ;  but  we  have  other  types 
in  which  the  congregated  units  are  distributed  in  wayv  not 
easily  definable,  and  having  to  the  environment  relations  that 
are  obscure.     Further,  among  these  secondary  aggregates  in 
which  the  units,  only  physically  integrated,  have  not  had  their 
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indiTidualities  merged  into  an  individuaUty  of  a  higher 
order,  must  be  named  the  compound  Infusoria.  The 
cluster  of  VoriieeUa  in  Fig.  144,  will  sufficiently  exemplify 
them ;  and  the  striking  resemblance  borne  by  its  individuals 
to  those  of  a  radially-arranged  cluster  of  flowers,  will  show 
how,  under  analogous  conditions,  the  general  principles  of 
morphological  differentiation  are  similarly  illustrated  in  the 
two  kingdoms. 

i  24G.  Radial  symmetry  is  usual  in  those  aggregates  of 
the  second  order  that  have  their  parts  sufficiently  differentiat- 
ed and  integrated  to  give  individualities  to  them  as  wholes. 
The  Ccsienicrata  oSer  numerous  examples  of  this.     Solitary 
polypes— hydroid  or    helianthoid — ^mostly    stationary,    and 
when  they  move,  moving  with  any  side  foremost,  do  not  by 
locomotion  subject  their  bodies  to  habitual  contrasts  of  con- 
ditions.   Seated  with  their  mouths  upwards  or  downwards, 
or  else  at  all  degrees  of  inclination,  the  individuals  of  a 
species  taken  together,  are  subject  to  no  mechanical  actions 
affecting  some  parts  of  their  discs  more  than  other  parts. 
And  this  indetorminateness  of  attitude  similarly  prevents 
their  relations  to  prey  firom  being  such  as  subject  some  of 
their  prehensile  organs  to  forces  unlike  those  to  which  the 
rest  aro  subject     The  fixed  end  is  differently  conditioned 
^  from  the  free  end,  and  the  two  are  therefore  different ;  but 
^around  the  axis  numing  from  the  fixed  to  the  free  end  tho 
(^conditions  are  alike  in  all  directions,  and  the  form  therefore 
Ss  radiaL  Again,  among  many  of  the  simple  free- 

swimming  Hydrazaa^  the  same  general  truth  is  exemplified 
(mder  other  circumstances.  In  a  common  Medusa^  advanc- 
^g  through  the  water  by  the  rhythmical  contractions  of 
Its  disc,  the  mechanical  reactions  are  the  same  on  all  sides ; 
and  as,  from  accidental  causes,  every  part  of  the  edge  of  the 
disc  comes  upwards  in  its  turn,  no  part  is  permanently  af- 
fected in  a  different  way  from  the  rest.  Hence  the  radial 
form  continues. 
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In  others  of  this  same  group,  However,  there  occur  forms 
which  show  us  an  incipient  bilateralness ;  and  help  us  to  see 
how  a  more  decided  bilateralness  mar  arise.  Sundry  of  the 
MedimdcB  are  proliferous^  giving  origin  to  gemmso  from  the 
body  of  the  central  polypito  or  from  certain  points  on  the 
edge  of  the  disc ;  and  this  budding,  unless  it  occurs  equally 
on  all  sides,  which  it  does  not  and  is  unlikely  to  do,  must  tend 
to  destroy  the  balance  of  the  disc,  and  to  make  its  attitudo 
less  changeable.  In  other  cases  the  growth  of  a  large  process 
from  the  edge  of  the  disc  on  one  side,  as  in  Steenstrupta^  Fig. 
257 — a  process  that  is  perhaps  the  morphological  equivalent 
of  one  of  the  gemma)  just  named— constitutes  a  similar  modi- 
fication, and  a  cause  of  further  modification.  The  existence 
of  this  process  makes  the  animal  no  longer  divisible  into  any 
two  quite  similar  halves,  except  those  formed  by  a  plane  / 
passing  through  the  process ;  and  imless  the  process  isj  | 
exactly  of  the  same  specific  gravity  as  the  disc,  it  must  tendf 
towards  either  the  lowest  or  the  highest  poiiit,  and  must 
so  serve  to  increase  the  bilateralness,  by  keeping  the  two 
sides  of  the  disc  similarly  conditioned  while  the  top  and 
bottom  are  diiSerently  conditioned.    Hg.  258  represents  the 

underside  of  another  Medusa, 
in  which  a  more  decided  bi- 
lateralness  is  produced  by  the  I 
presence  of  two  such  process-  / 
es.  Among  the  simplo/ 

SceesmmimngAeiinazoa,  occur  N 
like  deviations  from  radial  sym^ 
metry,  along  with  like  motio 
through  the  water  in  bilate: 
attitudes.     Of  this  a  Cydippe  is  a  familiar  example.    Thoug 
radial  in  some  of  its  characters,  as  in  the  distribution  of  itJB 
meridional  bands  of  locomotive  paddles  with  their  accompany* 
ing  canals,  this  creature  has  a  two-sided  distribution  of 
tentacles  and  various  other  ports,  corresponding  with  its  two- 
^ided  attitude  in  moving  through  the  water.    And  in  other 
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genera  of  this  group,  as  in  Cesium,  EurAamphcea,  and 
Caliianira,  that  aknost  equal  distribution  of  parts  which 
characterizes  the  Beroe  is  quite  lost. 

Here  seems  a  fit  place  to  meet  the  objection  which  some 
may  feel  to  this  and  other  such  illustrations,  that  they  amount 
very  much  to  physical  truisms.  If  the  parts  of  a  Medusa 
are  disposed  in  radial  symmetry  around  the  axis  of  motion 
through  tho  water,  there  will  of  course  be  no  means  of 
maintaining  one  part  of  its  edge  upwards  more  than  another ; 
and  the  equality  of  conditions  may  be  ascribed  to  the  radiatc- 
ness,  as  much  as  the  radiateness  to  the  equality  of  conditions. 
Conyersely,  when  the  parts  are  not  radially  arranged  round 
the  axis  of  motion,  they  must  gravitate  towards  somo  one 
attitude,  implying  a  balance  on  the  two  sides  of*  a  vertical 

(  plane— a  bilateralness ;  and  the  two-sided  conditions  so 
necQBsitated,  may  be  as  much  ascribed  to  the  bilateralness  as 
tihe  bilateralness  to  the  two-sided  conditions.  Doubt- 

less the  form  and  the  conditions  are,  in  the  way  alleged, 
necessary  correlates ;  and  in  so  &r  as  it  asserts  this,  the  ob- 
jection harmonizes  with  the  argument.  To  the  difficulty 
which  it  at  the  same  time  raises  by  the  implied  question — 
Why  make  the  form  the  result  of  the  conditions,  rather  than 
the  conditions  the  result  of  the  form  P  the  reply  is  this : — 
The  radial  type,  both  as  being  the  least  differentiated  type 
and  as  being  the  most  obviously  related  to  lower  types,  must 
be  taken  *as  antecedent  to  the  bilateral   type.    The  indi- 

*  vidual  variations  which  incidental  circumstances  produce  in 
the  radial  type,  will  not  cause  divergence  of  a  species  from 

\the  radial  type,  unless  such  variations  give  advantages  to  the 
individuals  displaying  them;  which  there  is  no  reason  to  sup- 
pose they  will  always  do.  Those  occasional  deviations  from 
the  radial  type,  which  the  law  of  the  instability  of  the  homo- 
geneous warrants  us  in  expecting  to  take  place,  will,  however, 
in  some  cases  be  beneficial ;  and  will  then  be  likely  to  estab- 
lish themselves.  Such  deviations  must  tend  to  destroy  the 
original  indefiniteness  and   variability  of   attitude — must 
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causo  gravitation  towards  an  habittial  attitude.  And  graYita- 
tion  towards  an  habitual  attitude  having  once  commenced, 
will  continually  increase,  where  increase  of  it  is  not  negatived 
by  adverse  agencies :  each  further  degree  of  bilateralness 
rendering  more  decided  the  actions  that  conduce  to  bilateral- 
ness. If  this  reply  be  thought  insufficient,  it  may  be  enforced 
by  the  further  one,  that  as,  among  plants,  the  incident  forces 
are  the  antecedents  and  the  forms  the  consequents  (changes  of 
forces  being  in  many  cases  visibly  followed  by  changes  of 
forms)  we  are  warranted  in  concluding  that  the  like  order  of 
cause  and  effect  holds  among  animals. 

S  2 17,  Koopiag  to  the  same  type  but  passing  to  a  higher 
degree  of  composition,  we  meet  moro  complex  and  varied 
illustrations  of  the  same  general  laws.     In  the  compoimdj 
Coeknterata,    presenting  clusters  of   individuals    that    are/ 
severally  homologous  with  the  solitary  individuals  last  deal^ 
with,  we  have  to  note  both  the  shapes  of  the  individuals  thuai 
united,  and  the  shapes  of  the  aggregates  made  up  of  them.  * 
Such  of  the  fixed  Htjdrwoa  and  Aciinasaa  as  form  branched 
societies,  continue  radial ;  both  because  their  varied  attitudes 
do  not  expose  them  to  appreciable  differences  in  their  rela- 
tions to  those  surrounding  actions   which  chiefly  concern* 
them  (the  actions  of  prey),  and  because  such  differences,  even 
if  they  were  appreciable,  would  be  so  averaged  in  their' 
effects  on  the  dissimilarly-placed  members  of  each  group  as 

to  be  neutralized  in  the  race.  Among  the 
tree-like  coral-polypedoms,  as  well  as  in 
such  ramified  assemblages  of  simpler  poly- 
pes as  are  shown  in  Figs.  149,  150,  wo 
'have,  indeed,  cases  in  many  respects  paral- 
lel to  the  cases  of  scattered  flowers  (|  233), 
which  though  placed  laterally  renuiin  radial, 
because  no  differentiating  agency  can  act 
uniformly  on  all  of  them.  Meanwhile, -in  the  groups 

which  thoso  united  individuals  compose,  we  see  the  shapes  of 
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plants  further  simulated  under  a  further  parallelism  of  con- 
ditions. The  attached  ends  differ  from  the  free  ends  as  they 
do  in  plants ;  and  the  regular  or  irregular  branches  obTious- 
ly  stand  to  enyironing  actions  in  relations  analogous  to  those 
in  which  the  branches  of  plants  stand. 

The  members  of  those  compound  Ccsienterata  which  move 
through  the  water  by  their  own  actions,  in  attitudes  that  are 
approximately  constant,  show  us  a  more  or  less  distinct  two- 
sidedncss.     Diphyes,  Fig.  259,  furnishes  an  example.    Each 


of  the  largely-developed  and  modified  polypites  forming  its 
swimming  sacs  is  bilateral,  in  correspondence  with  the  bi- 
lateralness  of  its  conditions ;  and  in  each  of  the  appended 
polypites  the  insertion  of  the  solitary  tentacle  produces  a 
kindred  divergence  from  the  primitive  radial  type.  The 

^SZ^S^^y  ^^  which  here  very  much  subordinates  its  mem- 
bers, exhibits  the  same  conformity  of  structure  to  circum- 
stances. It  admits  of  symmetrical  bisection  by  a  plane  pass- 
ing through  its  two  contractile  sacs,  or  nectocalyces,  but  not 
by  any  other  plane ;  and  the  plitne  which  thus  symmetrically 
bisects  it,  is  the  yertical  plane  on  the  two  sides  of  which  its 
parts  are  similarly  conditioned  as  it  propels  itself  through 
the  water. 

Another  group  of  the  oceanic  JSydrvzoa,  the  Physophorida, 
furnishes  interesting  evidence — ^not  so  much  in  respect  of  the 
forms  of  the  united  individuals,  which  we  may  pass  over,  as 
in  respect  of  the  forms  of  the  aggregates.  Some  of  these 
which  are  without  swimming  organs,  have  their  parts  sus- 
pended froroi  air-vessels  which  habitually  float  on  the  surface 
of  the  water ;  and  the  distribution  of  their  parts  is  asym- 


uu  u  w%U«  t'ho  t^^f^ia^  ¥ig.  152,  is  aa  example.  Here  the 
uUuouAi.^'  tUo  lutcjj^ted  group  of  individuals  to  the  enyiron- 
«us,  u^  .uv  lUvlcdiuW ;  and  there  is  hence  no  agency  tending 
i%>  vluuk^>>  ih^U  «^>Qaparativel7  irregular  mode  of  growth  that 

ia  prohablj  derircd  from  a  primordial 
typo  of  the  branched  Hydrozoa. 

So  Tarious  are  the  modes  of  union 
'^"^  among  the  compound  CcelenteratOf  that 
it  is  out  of  the  question  to  deal  with 
thorn  all.  Even  did  space  permit,  it 
would  bo  impracticable  for  any  one  but 
a  professed  naturalist,  to  trace  through- 
out this  group  the  relations  between 
shapes  and  conditions  of  existence.  The 
aboYO  must  be  taken  simply  as  a  few  of 
th^  most  significant  and  easily-interpret-  ' 
aUo  cases.  } 

'^  §  213«  In  the  sub-kingdom  MaUuS'' 

iV4\4\i»  wo  meet  with  examples  not  wholly 
v4i^!iKii  iKa  t^tv>^vuuy*s  Among  the  types  assembled  under 
\\k\  lulu  ilu'w  4(v  Mmi^o  individuals  or  aggregates  of  the 
i»v  u^.l  .vivlov,  uiul  jkviotios  or  tortiary  aggregates  produced 
U\  \.\k.k\  vuuv'h.    Tho  ivUtious  of  forms  to  forces  have  to  bo 

K  \ui^\  Aivivluu^  A\^l  or  floating,  carry  on  an  inactive 
Ku  \  Kii  U  aviuo  vkUi\oi<H>  >ivith  the  actions  in  the  environment. 
WuU.i^iv  (u'Wvu*  W  uvvwo  about  vivaciously,  and  unable  to 
.  ^u  \  ^u\  ^'^N  \  bu(  tKi^l  vxuvtaiued  in  the  currents  of  water 
y\  y  ^^..ikli  Aiisi  v^\(vt»  thv>^  cn>atures  are  not  exposed  to 
.  .  I  .1  uisva  vU4(  Akv  vH)u«U  iux  two  or  more  sides;  and  their 
\ii  4  \i'U'o^uouit\  vvxiu^iu  vague.  Though  there  are  in 
\\  Mv  u.^>>i  va  «\iuiuotuaJ  arrangement,  probably  due  to 
\\  u  .Uuaiu'u.  \o(  (hoY  aiv  substantially  asymmetricaL 
i  X.,     I  t«t   VI  4i\  c^vuui^'lsk  Among  the  composite 

y    ..\«vv>.  U^'ivvu^    uivsl  (xwhIa  tho  shapo  of  the  aggregate. 
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portly  determined  by  the  liabitual  mode  of  gemmation  and 
portly  by  the  surrounding  conditions  in  each  case,  is  in 
great  measure  indefinite.  We  can  say  no  more  about  it  than 
that  it  is  not  obviously  at  variance  with  the  laws  alleged. 

Evidence  of  a  more  positive  kind  occurs  among  those  com- 
pound 3Iollu8coida  which  are  most  like  the  compound 
Oxkntcrata  in  their  modes  of  union — the  Pohjzoa.  Many  of 
these  form  groups  that  are  more  or  less  irregular — spreading 
as  films  over  solid  surfaces,  combining  into  sea-weed-like 
fronds,  budding  out  from  creeping  stolons,  or  growing  up 
into  tree-shaped  societies;  and  besides  aggregating  ir- 
regularly they  are  irregularly  placed  on  surfaces  inclined  in 
all  directions.  Merely  noting  that  this  asymmetrical  dis- 
tribution of  the  imited  individuals  is  explained  by  the 
absence  of  definiteness  in  the  relations  of  the  aggregate  to 
incident  forces,  it  concerns  us  chiefly  to  observe  that  the 
anited  individuals  severallj^  exemplify  the  same  truth  as  do 
jimilarly-united  individuals  among  the  Ccelenterata.  While 
their  internal  organs,  though  said  to  have'a  trace  of  bi- 
uiteralness,  cannot  be  said  to  display  any  definite  symmetry  • 
heir  external  organs  are  completely  radial.  Averaging  the 
aembers  of  each  society,  the  ciliated  tentacles  they  protrude 
xre  similarly  related  to  prey  on  all  sides;  and  therefore 
remain  the  same  on  all  sides.  This  distribution  of  tentacles 
is  not,  however,  without  exception.  Among  the  fresh- water 
Polyzoa  there  are  some  genera,  as  PlumateUa  and  Crystatella^ 
in  which  the  arrangement  of  these  parts  is  very  decidedly 
bilateraL  Some  species  of  them  show  us  such  relations  of 
the  individuals  to  one  another  and  to  their  surface  of  attach- 
ment, as  give  a  due  to  this  modification ;  but  in  other  species 
tfie  meaning  of  this  deviation  from  the  radial  type  is  not 
obvious, 

§  249.  In  that  somewhat  heterogeneous  assemblage  of 
animals  now  classed,  perhaps  provisionally,  as  Annulaida,  we 
begin  again  with  simple  aggregates  of  the  second  order,  and 
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tliat  this  symmetry  will  deviate  but  little  from  double 
bilateralness  where  the  upper  and  under  parts  are  not  exposed 
to  strongly-contrasted  influences;  while  we  may  rationally 
look  for  single  bilateral  symmetry  of  a  decided  kind,  in 
creatures  having  dorsal  and  ventral  parts  conversant  with 
very  unlike  regions  of  the  environment:  as  in  all  cases 
where  the  movement  is  over  a  solid  surface.  If  the 

movement,  though  over  a  solid  surface,  is  not  constant  in 
direction,  but  takes  pbce  as  often  on  one  side  as  on  another, 
radial  symmetry  may  be  again  looked  for ;  and  if  the  motions 
are  still  more  variously  directed — ^if  they  are  not  limited  to 
approximately-plane  surfaces,  but  extend  to  surfoices  that  are 
distributed  all  around  with  a  regular  irregidarity — an  ap- 
proach of  the  radial  towards  the  spherical  symmetry  is  to  be 
anticipated.  TVliere  the  habits  are  such  that  the 

intercourse  between  the  organism  and  its  environment,  does 
not  involve  an  average  equality  of  actions  and  reactions  on  > 
any  two  or  more  sides,  there  may  be  expected  either  total  ' 
irregularity  or  some  divergence  from  regularity.  > 

The  like  general  relations  between  forms  and  incident 
forces  are  inferable  in  the  component  parts  of  animals,  as 
well  as  in  the  animals  as  wholes.     It  is  needless,  however,  to 
occupy  space  by  descriptions  of  these.     Let  us  now  pass  to  • 
the  facts,  and  see  how  they  confirm,  a  poateriorig  the  con*  \ 
elusions  here  reached  a  priori. 


CHAPTER  XIV. 

THE  OENEILVL   SHAPES   OF  ANIMALS. 

§  244.  Certain  of  the  Protozoa  aro  quite  indofinito  in 
their  shapes,  and  quite  inconstant  in  those  indefinite  shapes 
.which  they  have— the  rehitions  of  their  parts  are  indeter- 
.minate  both  in  space  and  time.     In  one  of  the   simpler 
^hizopods,  at  least  during  the  active  stage  of  its  existenco, 
no  permanent  distinction  of  inside  and  outside  is  established; 
and  hence  there  can  arise  no  established  correspondence 
between  the  shape  of  the  outside  and  the  distribution  of 
environing  actions.     But  when  the  relation  of  inner  and 
outer  becomes  fixed,  either  over  part  of  the  mass  or  over  th« 
whole  of  it,  we  have  kinds  of  symmetry  that  correspond 
with  the  habitual  incidence  of  forces.    An  Amaba  in  be- 
coming encysted,  which  we  may  regard  as  the  production 
rin  it  of  a  differentiation  between  superficial  parts  and  central 
parts,  posses  from  an  indefinite,  ever-changing  form  into 
&  spherical  form ;  and  the  order  of  symmetry  which  it  thus 
flfwnniPSi  is  in  harmony  with  the  average  equxility  of  the 
actions  on  all  its  sides.    In  Dijfiugia,  Fig.  134,  and  still 
better  in  Arcettc^  we  have  an  indefinitely*radial  symmetry 
occurring  where  the  conditions  are  di£Eercnt  above  and  below 
but  alike  aU  around.     Among  the  Gregarinida  the  spherical 
symmetry  and  sjrmmetry  passing  from  that  into  the  radijul, 
axe  such  tM  appear  to  be   congruous   with  the  simple  cir- 
comstaaccs  of  these  creatures  in   the  intestines  of  insects. 
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But  the  relations  of  these  lowest  types  to  their  enTironments 
are  comparatiyely  so  indeterminate,  and  oar  knowledge  of 


JJS 


their  actions  so  scanty,  that  little  beyond  negative  eyidence 
can  be  expected  from  the  study  of  them. 

The  like  may  be  said  of  the  Infusoria,    These  are  more  > 
or  less  irregular.     In  some  cases  where  the  lino  of  moTC- 
ment  through  the  water  is  tolerably  definite  and  constant 
we  have  a  form  that  is  approximately  radial— externally  at 
least.    But  usually,  as  shown  in  Figs.  137, 138,  139,  there  is 
either  an  unsymmetrical  or  an  asymmetrical  shape.  And  when 
one  of  these  creatures  is  watched  under  t|ie  microscope,  the/ 
congruity  of  this  shape  with  the  incidence  of  forces  is  mani*i 
fest.     For  the   movements   are  conspicuously  varied  an^ 
indeterminate — movements  which  do  not  expose  any  twp 
or  more  sides  of  the  mass  to  approximately  equal  sets  of 
actions. 

§  245.  Among  aggregates  of  the  second  order,  as  among  . 
aggregates  of  the  first  order, we  find  that  of  those  possessing*' 
any  definite  shapes  the  lowest  are  spherical  or  spheroidaL  ! 
Such  are  the  ThalassicollcB.  These  gelatinous  bodies  which' ' 
float  passively  in  the  sea,  and  present  in  turn  all  their  side^ 
to  the  same  influences,  have  their  parts  disposed  with  ap7 
proximate  regularity  all  around  a  centre.  In  some  orders 
of  Foraminifera^  as  for  instance  the  NummuUtes,  we  haVe 
secondary  aggregates  the  parts  of  which  are.  spirally  ar- 
ranged, approximately  in  harmony  with  the  radial  relations 
of  the  society  to  the  environment ;  but  we  have  other  types 
in  which  the  congregated  imits  are  distributed  in  ways  not 
easily  definable,  and  having  to  the  environment  relations  that 
are  obscure.  Further,  among  these  secondary  aggregates  in 
which  the  units,  only  physically  integrated,  have  not  had  their 
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individualities  merged  into  on  individuality  of  *a  higher 
order,  must  be  named  the  compound  In/usoncL.  The 
cluster  of  VorticeUm  in  Fig.  144,  will  sufficiently  exemplify 
them ;  and  the  striking  resemblance  borne  by  its  individuals 
to  those  of  a  radially-arranged  cluster  of  flowers,  will  show 
how,  under  analogous  conditions,  the  general  principles  of 
morphological  differentiation  are  similarly  illustrated  in  the 
two  kingdoms. 

S  24C.  Radial  symmetry  is  usual  in  those  aggregates  of 
the  second  order  that  have  their  parts  sufficiently  differentiat- 
ed and  integrated  to  give  individualities  to  them  as  wholes. 
The  Cosienicrata  offer  numerous  examples  of  this.    Solitary 
polypes — ^hydroid  or    helianthoid — ^mostly    stationary,    and 
when  they  move,  moving  with  any  side  foremost,  do  not  by 
locomotion  subject  their  bodies  to  habitual  contrasts  of  con- 
ditions.   Seated  with  their  mouths  upwards  or  downwards, 
or  else  at  all  degrees  of  inclination,  the  individuals  of  a 
species  taken  together,  are  subject  to  no  mechanical  actions 
affecting  some  parts  of  their  discs  more  than  other  parts. 
And  this  indetonninateness  of  attitude  similarly  prevents 
their  relations  to  prey  from  being  such  as  subject  some  of 
their  prehensile  organs  to  forces  unlike  those  to  which  the 
rest  aro  subject     The  fixed  end  is  differently  conditioned 
^  from  the  free  end,  and  the  two  are  therefore  different ;  but 
laround  the  axis  running  from  the  fixed  to  the  free  end  the 
/conditions  are  alike  in  all  directions,  and  the  form  therefore 
Hs  radiaL  Again,  among  many  of  the  simple  free- 

swimming  Sf/drazoa,  the  same  general  truth  is  exemplified 
(mder  other  circumstances.  In  a  common  Medusa^  advanc- 
^g  through  the  water  by  the  rhythmical  contractions  of 
tts  disc,  the  mechanical  reactions  are  the  same  on  all  sides ; 
and  as,  from  accidental  causes,  every  part  of  the  edge  of  the 
disc  comes  upwards  in  its  turn,  no  part  is  permanently  af- 
fected in  a  different  way  from  the  rest  Hence  the  radial 
form  continues. 
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In  others  of  Una  same  group,  Howeyer,  there  occur  foi:m8 
which  show  us  an  incipient  bikteralness ;  and  help  us  to  see 
how  a  more  decided  bikteralness  may  arise.  Sundry  of  tho 
MedusidcB  are  proliferous,  giving  origin  to  gemnuo  from  the 
body  of  the  central  polypite  or  from  certain  points  on  the 
edge  of  the  disc ;  and  this  budding,  unless  it  occurs  equally 
on  aU  sides,  which  it  docs  not  and  is  unlikely  to  do,  must  tend 
to  destroy  tho  balance  of  tho  disc,  and  to  make  its  attitude 
less  changeable.  In  other  cases  the  growth  of  a  hirge  process 
from  the  edge  of  tho  disc  on  one  side,  as  in  Sieenstrupia,  Fig. 
257 — a  process  that  is  perhaps  the  morphological  equivalent 
of  one  of  tho  gemmso  just  named— constitutes  a  similar  modi- 
fication, and  a  cause  of  further  modification.  The  existence 
of  this  process  makes  the  animal  no  longer  divisible  into  any 
two  quite  similar  halves,  except  those  formed  by  a  plane  / 
passing  through  the  process;  and  unless  the  process  isj 
exactly  of  the  same  specific  gravity  as  the  disc,  it  must  tend| 
towards  either  the  lowest  or  the  highest  poidt,  and  must 
so  serve  to  increase  the  bilateralness,  by  keeping  the  two 
sides  of  the  disc  similarly  conditioned  while  the  top  and 
bottom  are  differently  conditioned.    Yig,  258  represents  the 

underside  of  another  Medusa, 
in  which  a  more  decided  bi- ' 
lateralness  is  produced  by  the  1 
presence  of  two  such  process-  / 
es.  Among  the  simple/ 

hee-emsDimngAeiinozoa,  occur\ 
like  deviations  from  iftdial  sym^^ 
metry,  along  with  like  motio 
through  the  water  in  bilate 
attitudes.     Of  this  a  Cydippt  is  a  familiar  example.    Thoug 
radial  in  some  of  its  characters,  as  in  the  distribution  of  itis 
meridional  bands  of  locomotive  paddles  with  their  accompany- 
ing canals,  this  creature  has  a  two-sided  distribution  of 
tentacles  and  various  other  parts,  corresponding  with  its  two* 
attitude  in  moving  through  the  water.    And  in  other 
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genera  of  tHia  group,  as  in  Ceatum,  EurhamphiBa^  and 
Callianira^  that  almost  equal  distribution  of  parts  which 
characterizes  the  Bert}e  is  quite  lost. 

Here  seems  a  fit  place  to  meet  the  objection  which  some 
may  feel  to  this  and  other  such  illustrations,  that  they  amount 
Tory  much  to  physical  truisms.  If  the  parts  of  a  Medusa 
are  disposed  in  radial  symmetry  around  the  axis  of  motion 
through  the  water,  there  wiU  of  course  be  no  means  of 
maintaining  one  part  of  its  edge  upwards  more  than  another ; 
and  the  equality  of  conditions  may  be  ascribed  to  the  radiatc- 
ness,  as  much  as  the  radiateness  to  the  equality  of  conditions. 
Conversely,  when  the  parts  are  not  radially  arranged  round 
the  axis  of  motion,  they  must  gravitate  towards  some  ono 
attitude,  implying  a  balance  on  the  two  sides  of*  a  vertical 

,  plane— a  bilateralness ;  and  the  two-sided  conditions  so 
necQjBsitated,  may  be  as  much  ascribed  to  the  bilateralness  as 
tihe  bilateralness  to  the  two-sided  conditions.  Doubt- 

less  the  form  and  the  conditions  are,  in  the  way  alleged, 
necessary  correlates ;  and  in  so  far  as  it  asserts  this,  the  ob- 
jection harmonizes  with  the  argument.  To  the  difficulty 
which  it  at  the  same  time  raises  by  the  implied  question — 
Why  make  the  form  the  result  of  the  conditions,  rather  than 
the  conditions  the  result  of  the  form  P  the  reply  is  this : — 
The  radial  tjrpe,  both  as  being  the  least  differentiated  type 
and  as  being  the  most  obviously  related  to  lower  types,  must 
be  taken  *as  antecedent  to  the  bilateral   type.    The  indi- 

■  vidual  variations  which  incidental  circumstances  produce  in 
the  radial  type,  will  not  cause  divergence  of  a  species  from 

\the  radial  type,  unless  such  variations  give  advantages  to  the 
individuals  displaying  them;  which  there  is  no  reason  to  sup- 
pose they  will  always  do.  Those  occasional  deviations  from 
the  radial  type,  which  the  law  of  the  instability  of  the  homo- 
geneous warrants  us  in  expecting  to  take  place,  will,  however, 
in  some  cases  be  beneficial ;  and  will  then  be  likely  to  estab- 
lish themselves.  Such  deviations  must  tend  to  destroy  the 
original  indefiniteness  and   variability  of   attitude-^ must 
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cause  gravitation  towards  on  habitual  attitude.  And  grayita- 
tion  towards  an  habitual  attitude  having  once  commenced, 
will  continuallj  increase,  where  increase  of  it  is  not  negatived 
by  adverse  agencies :  each  further  degree  of  bilaterolness 
rendering  more  decided  the  actions  that  conduce  to  bilaterol- 
ness. If  this  reply  be  thought  insufficient,  it  may  be  enforced 
by  the  further  one,  that  as,  among  plants,  the  incident  forces 
are  the  antecedents  and  the  forms  the  consequents  (changes  of 
forces  being  in  many  coses  visibly  followed  by  changes  of 
forms)  we  are  warranted  in  concluding  that  the  like  order  of 
cause  and  effect  holds  among  animals. 

§  247.  Keeping  to  the  some  t}^e  but  passing  to  a  higher 
degree  of  composition,  we  meet  more  complex  and  varied 
illustrations  of  the  same  general  laws.     In  the  compound  i' 
Cceknterata,    presenting  clusters  of   individuals    that    oro/ 
severally  homologotis  with  the  solitary  individuals  lost  dealt 
with,  we  have  to  note  both  the  shapes  of  the  individuals  thnsi 
united,  and  the  shapes  of  the  aggregates  mode  up  of  them.  - 
Such  of  the  fixed  Sydrazoa  and  Actinazoa  os  form  branched 
societies,  continue  radial ;  both  because  their  varied  attitudes 
do  not  expose  them  to  appreciable  differences  in  their  rela- 
tions to   those  surrounding  actions  which  chiefly  concern' 
them  (the  actions  of  prey),  and  because  such  differences,  even 
if  they  were  appreciable,  would  be  so  averaged  in  their  ' 
effects  on  the  dissimilarly-placed  members  of  each  group  as 

to  be  neutralized  in  the  race.  Among  the 
tree-like  coral-polypedoms,  os  well  as  in 
such  ramified  assemblages  of  simpler  poly- 
pes OS  ore  shown  in  Figs.  149,  150,  wo 
'have,  indeed,  coses  in  many  respects  paral- 
lel to  the  coses  of  scattered  flowers  (§  233), 
which  though  placed  laterally  remain  rodixil, 
because  no  differentiating  ogency  con  act 
uniformly  on  all  of  them.  Meanwhile,  «in  the  groups 

which  those  united  individuals  compose,  we  see  the  shapes  of 


\ 
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plants  further  simulated  under  a  further  parallelism  of  con* 
ditions.  The  attached  ends  differ  from  the  free  ends  as  they 
do  in  plants ;  and  the  regular  or  irregular  branches  obvious* 
ly  stand  to  euTironing  actions  in  relations  analogous  to  those 
in  which  the  branches  of  plants  stand. 

The  members  of  those  compound  Caslcntcrata  which  move 
through  the  water  by  their  own  actions,  in  attitudes  that  are 
approximately  constant*  show  us  a  more  or  less  distinct  two- 
sidedncss.    Diphyes^  Fig.  259,  furnishes  an  example.    Each 


of  the  krgely-developed  and  modified  polypites  forming  its 
swimming  sacs  is  bilateral,  in  correspondence  with  the  bi* 
lateralness  of  its  conditions ;  and  in  each  of  the  appended 
polypites  the  insertion  of  tiie  solitary  tentacle  produces  a 
kindred  divergence  from  the  primitive  radial  type.  The 

aggregate,  too,  which  here  very  much  subordinates  its  mem- 
bers, exhibits  the  same  conformity  of  structure  to  circum- 
stances. It  admits  of  symmetrical  bisection  by  a  plane  pass- 
ing through  its  two  contractile  sacs,  or  nectocalyces,  but  not 
by  any  other  plane ;  and  the  pbne  which  thus  symmetrically 
bisects  it,  is  the  vertical  plane  on  the  two  sides  ot  which  its 
parts  are  similarly  conditioned  as  it  propels  itself  through 
the  water. 

Another  group  of  the  oceanic  Hi/drazoa,  the  Phffiophorida, 
famishes  inteiesting  evidence— not  so  much  in  respect  of  the 
forms  of  the  united  individuals,  which  we  may  pass  over,  as 
in  respect  of  the  forms  of  the  aggregates.  Some  of  these 
which  are  without  swimming  organs,  have  their  parts  sus- 
pended from  air-vessels  which  habitually  float  on  the  surfa^re 
of  the  water ;  and  the  distribution  of  their  parts  is  wyui* 
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partly  determined  by  the  habitual  mode  of  gemmation  and 
partly  by  the  surrounding  conditions  in  each  case,  is  in 
great  measure  indefinite.  We  can  say  no  more  about  it  than 
that  it  is  not  obviously  at  variance  with  the  laws  alleged. 

Evidence  of  a  more  positive  kind  occurs  among  those  com- 
pound Molluscoida  which  are  most  like  the  compound 
Oxknteraia  in  their  modes  of  union — the  Pobjzoa.  Many  of 
these  form  groups  that  are  more  or  less  irregular — spreading 
as  films  over  solid  surfaces,  combining  into  sea-weed-like 
fronds,  budding  out  from  creeping  stolons,  or  growing  up 
into  tree-shaped  societies;  and  besides  aggregating  ir- 
regularly they  are  irregularly  placed  on  surfaces  inclined  in 
all  directions.  Merely  noting  that  this  asymmetrical  dis- 
tribution of  the  united  individuals  is  explained  by  the 
absence  of  definiteness  in  the  relations  of  the  aggregate  to 
incident  forces,  it  concerns  us  chiefly  to  observe  that  the 
united  individuals  severall]^  exemplify  the  same  truth  as  do 
iimilarly-united  individuals  among  the  Ccelenterata.  While 
their  internal  organs,  though  said  to  have  a  trace  of  bi- 
lateralness,  cannot  be  said  to  display  any  definite  symmetry ; 
heir  external  organs  are  completely  radiaL  Averaging  the 
aembers  of  each  society,  the  ciliated  tentacles  they  protrude 
ire  similarly  related  to  prey  on  all  sides;  and  therefore 
remain  the  same  on  all  sides.  This  distribution  of  tentacles 
is  not,  however,  without  exception.  Among  the  fresh-water 
Polyzoa  there  are  some  genera,  as  Plamatella  and  Crystatella, 
in  which  the  arrangement  of  these  parts  is  very  decidedly 
bilateral  Some  species  of  them  show  us  such  relations  of 
tho  individuals  to  one  another  and  to  their  surface  of  attach- 
ment, OS  give  a  clue  to  this  modification ;  but  in  other  species 
the  wi Aiming  of  this  deviation  from  the  radial  type  is  not 
obvious. 

§  249.  In  that  somewhat  heterogeneous  assembkge  of 
animals  now  classed,  perhaps  provisionally,  as  Annulaida^  we 
begin  again  with  simple  aggregates  of  the  second  order,  and 
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ascend  to  aggregates  in  whicli  we  have  seen  reason  to  suspect 
a  higher  degree  of  composition.  Good  examples  of  the  con- 
nexions between  forms  and  forces  occur  in  this  group. 

Among  the  lower  annuloid  types,  the  Planaria  exemplifies 
the  single  bilateral  symmetry  which,  even  in  rery  inferior 
forms,  accompanies  the  habit  of  moving  in  one  direction  o\or 
a  solid  surface.  Humblv  orpnnizcd  as  are  these  creatures 
and  their  allies  the  Nemeriitlw,  we  see  in  them  just  as  clearly 
OS  in  the  highest  animals,  that  where  the  movements  subject 
the  body  to  different  forces  at  its  two  ends,  different  forces 
on  its  under  and  upper  surfaces,  and  like  forces  along  its  two 
sides,  there  arises  a  corresponding  form,  unlike  at  its  extremi- 
ties, imlike  above  and  below,  but  ha^ang  its  two  sides  alike. 

Tlic  Echinoilcrmata  furnish  us  with  instructive  illustrations 
— instructive  because  among  types  that  are  nearly  allied,  we 
meet  with  wide  deviations  of  form  answering  to  marked  con*, 
trosts  in  the  relations  to  the  environment.  The  facts  fall 
into  four  groups.  The  Crinaidea,  once  so  abundant; 

and  now  so  rare,  present  a  radial  symmetiy  answering  to 
an  incidence  of  forces  that  is  equal  on  every  side.  In  the 
general  attitudes  of  their  parts  towards  surrounding  actions, 
they  are  like  uniaxial  plants  or  like  polypes ;  and  show,  as 
they  do,  marked  differences  between  the  attached  ends  and 
the  free  ends,  along  with  even  distributions  of  parts  all  round 
their  axes.  In  the  Ophiuridea,  proved  to  be  near 

akin  to  the  Crinoids,  and  in  the  Star-fished,  we  have  radial 
symmetry  co-existing  with  very  different  habits ;  but  habits 
which  nevertheless  account  for  the  maintenance  of  the  form. 
Holding  on  to  rooks  and  weeds  by  its  simple  or  branched 
arms,  or  by  the  suckers  borne  on  the  under  surface  of  its 
rays,  one  of  these  creatures  moves  about  not  always  with  one 
side  foremost,  but  with  any  side  foremost.  Consequently, 
averaging  its  movements,  its  arms  or  rays  are  equally  af- 
fected, and  therefore  remain  the  same  on  all  sides.  On 
watching  the  ways  of  the  common  Sea-urchin,  we  are 
similarly  furnished  with  an  explanation  of  its  spherical,  or 
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rather  its  splieroidal,  figure.  Here  the  habit  is  not  to  move 
over  any  one  approximately-flat  surfiice ;  but  the  habit  is  to 
hold  on  by  seyeral  surfaces  on  different  sides  at  the  same 
time.  Frequenting  crevices  and  the  interstices  among  stones 
and  weeds,  the  Sea-urchin  protrudes  the  suckers  arranged 
in  meridional  bands  over  its  shell,  laying  hold  of  objects  now 
on  this  side  and  now  on  that,  now  above  and  now  below : 
the  result  being,  that  it  does  not  move  in  all  directions  over 
one  plane  but  in  all  directions  through  space.  Hence  the 
approach  in  general  form  towards  spherical  symmetry — an 
approach  which  is,  however,  restrained  by  the  relations  o' 
the  parts  to  the  mouth  and  vent :  the  conditions  not  being 
exactly  the  same  at  the  two  poles  as  at  other  parts  of  the 
surface.  Still  more  significant  is  that  deviation 

from  this  shape  which  occurs  among  such  of  the  Echinidea 
OS  have  habitats  of  a  different  kind,  and,  consequently,  dif- 
ferent habits.  The  genera  Echinocyamui^  Spatangus,  Bris^ 
8US,  and  Amphidoius,  diverge  markedly  towards  a  bilateral 
structure.  These  creatures  are  found  not  on  rocky  shores 
but  on  fiat  sea-bottoms,  and  some  of  them  only  on  bottoms 
of  sand  or  mud.  Here,  there  is  none  of  that  distribution  of 
surfaces  on  all  sides  which  makes  the  spheroidal  form  con- 
gruous with  the  conditions.  Having  to  move  about  over  an 
approximately-horizontal  plane,  any  deviation  of  structure 
which  leads  to  one  side  being  kept  always  foremost,  will  be 
an  advantage :  greater  fitness  to  function  becoming  possible 
in  proportion  as  function  becomes  fixed.  Survival  of  the 
fittest  will  therefore  tend  to  establish,  under  such  conditions, 
a  form  that  keeps  the  same  part  in  advance— a  form  in 
which,  consequently,  the  original  radial  sjrmmetry  diverges 
more  and  more  towards  bilateral  sjrmmetry.  It  may 

be  well  to  add  that  the  validity  of  these  interpretations  does 
not  depend  on  the  view  taken  of  the  alliances  of  the  Echino- 
derms,  and  their  primitive  type  of  symmetry.    If,  as  Pro 
fessor  Huxley  contends,  the  Echinoderms,  having  bilateral 
larvte,  cannot  be  held  akin  to  those  lower  types  in  which  tho 
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radial  structare  is  constant  and  complete ;  it  do3s  not  follow 
that  the  above  reasonings  are  erroneous.  On  the  oontmiy 
the  derivation  of  these  mdially-symmetrical  formi  from  forms 
not  radially-symmetrical,  would  show  how  entirely  the 
structure  of  the  organism  is  moulded  by  the  distribution  of 
forces  to  which  its  mode  of  life  exposes  it. 

The  remaining  Annuhida^  most  of  them  parasitic,  must 
be  passed  over.  Living  within  the  bodies  of  other  creatures, 
they  have  their  forms  determined  by  conditions  that  are  too 
obscure  to  be  satisfactorily  dealt  with. 

§  250.  Very  definite  and  comparatively  uniform,  are  tho 
relations  between  shapes  and  circumstances  among  the 
Annulosa — ^including  under  that  title  the  Annelida  and  the 
ArticulcUa.  The  agreements  and  the  disagreements  are 
equally  instructive.  ,. 

At  one  time  or  other  of  its  life,  vf  not  throughout  its  life, 
overy  annulose  animal  is  locomotive;  and  its  temporary 
or  permanent  locomotion,  being  carried  on  with  one  end 
habitually  foremost  and  one  sur&ce  habitually  uppermost, 
it  fulfils  those  conditions  under  which  bilateral  symmetry 
arises.  Accordingly,  bilateral  symmetry  is  traceable  through- 
out the  whole  of  this  sub-kingdom.  Traceable,  we  must 
say;  because,  though  it  is  extremely  conspicuous  in  the 
immense  majority  of  annulose  types,  it  is  to  a  consider- 
able extent  obscured  where  obscuration  is  to  be  expected. 
The  embryos  of  the  Tubtcolw,  after  swimming  about 
awhile,  settle  down  and  build  themselves  tubes,  from  which 
they  protrude  'their  heads ;  and  in  them,  or  in  some  of 
them,  the  bilateral  symmetry  is  disguised  by  the  develop- 
ment of  head-appendages  in  an  all-sided  manner.  The 
tentacles  of  TerebeUa  are  distributed  much  in  the  same  way 
as  those  of  a  polype.  The  breathing  organs  in  Sdbella 
uniapira,  Fig.  260,  do  not  correspond  on  opposite  sides  of  a 
median  plane.  Even  here,  however,  the  body  retains  its 
primitive  bilateralness ;  and  it  is  further  to  be  remarked  that 
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common  Earth-Trorm  may  be  instanced  as  a  member  of 
this  sub-kingdom  that  ia  among'  the  least-conspicnonslj 
bilateraL  Though  internally  its  parts  have  a  two-sided 
arrangement ;  and  though  the  positions  of  its  orifices  give  it 
an  external  two-sidedness,  at  the  same  time  that  they  estab- 
lish a  difference  between  the  two  ends ;  yet  its  two-sidedness 
18  not  strongly  marked.  The  form  deviates  but  little  from 
what  we  have  distinguished  as  triple  bilateral  symmetry :  if 
the  creature  is  cut  across  the  middle,  the  head  and  tail  ends 
arc  very  much  alike ;  if  cut  in  two  along  its  axis  by  a  hori- 
zontal plane,  the  under  and  upper  halves  are  very  much 
alike ;  and  if  cut  in  two  along  its  asds  by  a  vertical  plane, 
the  two  sides  are  quite  alike.  Figs.  263  and  264  will  make 
this  clear.  Such  creatures  as  the   Juiua  and  the 

Centipede,  may  be  taken  as  showing  a  transition  to  double 
bilateral  symmetry.  Besides  being  divisible  into  exactly 
similar  halves  by  a  vertical  plane  passing  through  the  axis, 
one  of  these  animals  may  be  bisected  transversely  into  parts 
that  differ  only  sUghtly ;  but  if  cut  in  two  by  a  horizontal 
plane  passing  through  the  axis,  the  imder  and  upper  halves 
are  decidedly  unlike.  Figs.  265,  266,  exhibit  these 
traits.  Among  the  isopodous  crustaceans,  the  departure 

from  these  low  types  of  symmetry  is  more  marked.    As 
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shown  in  Figs.  267  and  268,  the  contrast  between  the  upper 
and  under  parts  is  greater,  and  the  head  and  tail  ends  differ 
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more  obviously.  In  all  the  liigher  Arlictilaiaf  the 

unlikeness  between  tbe  front  half  and  tho  hind  half  has 
become  conspicuous:  there  is  in  them  ungle  bilateral 
symmetry  of  so  pronounced  a  kind,  that  no  other  resem- 
blance IB  suggested  than  that  between  the  two  sides.  By 
Figs.  269  and  270,  representing  a  decapodous  crustacean 
divided  longitudinally  and  transversely^  this  truth  is  made 
manifest.  On  calling  to  mind  the  habits  of  the 

creatures  here  drawn  and  described,  it  will  be  seen  that 
they  explain  thcso  forms.  The  incidence  of  forces  is  tho 
same  all  around  the  Earth-worm  as  it  burrows  through  the 
compact  ground.  The  Centipede,  creeping  amid  loose  soil  or 
debris  or  beneath  stones,  insinuates  itself  between  solid  sur- 
faces— ^the  interstices  being  mostly  greater  in  one  dimension 
--than  in  others.  And  all  the  higher  Annulosa^  moving  about 
ns  they  do  over  exposed  objects,  have  their  dorsal  and 
ventral  parts  as  dissimilarly  acted  upon  as  are  their  two  ends. 
One  other  fact  only  respecting  annulose  animals  needs  to 
be  noticed  under  this  head — ^the  fsLct,  namely,  that  they 
become  unsymmetrical  where  their  parts  are  unsymmetrically 
related  to  the  environment.  The  common  Hermit-crab 
serves  as  an  instance.  Here,  in  addition  to  the  unlikeness  of 
the  two  sides  implied  by  that  curvature  of  the  body  which  fits 
the  creature  to  the  shell  it  inhabits,  there  is  an  unlikeness 
due  to  the  greater  deyelopment  of  the  limbs,  and  especially 
the  claws,  on  the  outer  side.  As  in  the  embiyo  of  the 
Hermit-crab  the  two  sides  are  alike ;  and  as  the  embryo  may 
be  taken  to  represent  the  type  from  which  the 
Hermit-crab  has  been  derived;  we  have  in 
this  case  evidence  that  a  symmetrically-bi- 
lateral form  has  been  moulded  into  an  unsym- 
metrically-bilateral  form,  by  the  action  of  un- 
symmetrically-bilateral  conditions.  A  further 
illustration  is  supplied  by  Bapyrtts,  Fig.  271  : 
a  parasite  the  habits  of  which  similarly  account  for  its  dis- 
torted  shape. 
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$  251.  Among  the  Mollusca  we  find  more  Taried  relations 
between  shapes  and   circumstances.     Some    of  them    are 
highly  instructive. 
MoUusks  of  one  order,  the  Pteropoda,  swim  in  the  sea 

much  in  the  same  way  that  butterflies  fly  in 
the  air,  and  have  shapes  not  altogether  unlike 
those  of  butterflies.  Fig.  272  represents  one 
of  these  creatures.  That  its  bilaterally-sym* 
metrical  shape  harmonizes  with  itsbUaterally- 
symmetrical  conditions  is  sufficiently  obvious. 
^74  ^  Among  the  Lamelliiranchiata,  we  have 

diverse  forms  accompanying  diverse  modes  of 
life.  Such  of  them  as  frequently  move  about,  like  the  fresh- 
water Mussel,  have  their  two  valves  and  the  contained  parts 
alike  on  the  opposite  sides  of  a  vertical  plane:  they  are. 
bilaterally  symmetrical  in  conformity  with  their  mode  o^ 
movement.  The  marine  Mussel,  too,  though  habitually 
fixed,  and  though  not  usually  so  fixed  that  its  two  valves  are' 
similarly  conditioned,  still  retains  that  bilateral  symmetry' 
which  is  characteritttic  of  the  order ;  and  it  does  this  because 
in  ihe  species  considered  as  a  whole,  the  two  valves  are  not 
dissimilarly  conditioned.  If  the  positions  of  the  varioub 
individuals  are  averaged,  it  will  be  seen  that  the  differenti* 
ating  actions  neutralize  one  another.    ^  In  certain 

other  fixed  Lamellibranchs,  however,  there  is  a  considerable 
deviation  from  bikteral  symmetry ;  and  it  is  a  deviation  of; 
the  kind  to  be  anticipated  under  the  circumstances.  Where 
one  valve  is  always  downwards,  or  next  to  the  surface  of 
attachment,  while  the  other  valve  is  always  upwards,  or  next 
to  the  environing  water,  we  may  expect  to  find  the  two 
valves  become  unlike.  This  we  do  find :  witness  the  Oyster. 
In  the  Oyster,  too,  we  see  a  further  irregularity.  There  is  a 
great  indefiniteness  of  outline,  both  in  the  shell  and  in  the 
animal  —  an  indefiniteness  made  manifest  by*  comparing 
different  individuals.  We  have  but  to  remember  that  growing 
clustered  together,  as  Oysters  do,  they  must  interfere  with 
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one  another  in  vorions  ways  and  degrees,  to  see  liow  the 
indetenninateness  of  form  and  the  Taxiety  of  form  are 
accounted  for. 

Among  the  Ghisteropods,  modifications  of  a  more  definite 
kind  occur.  "In  all  MoUusks/'  says  Professor  Huxley, 
"  the  axis  of  the  body  is  at  first  straight,  and  its  parts  are 
arranged  symmetrically  with  regard  to  a  longitudinal  Ycrti- 
cal  plane,  just  as  in  a  yertebrate  or  an  articulate  embryo/' 
In  some  Gbsteropods,  as  the  Chiton,  this  bilateral  sym- 
metry is  retained — ^the  relations  of  the  body  to  surround- 
ing actions  not  being  such  as  to  disturb  it.  But  in  thoso 
more  numerous  tjrpes  that  haye  spiral  shells,  there  is  a 
marked  deyiation  from  bilateral  symmetry,  as  might  be  ex- 
pected. "  This  asymmetrical  oyer-deyelopment  neyer  affects 
the  head  or  foot  of  the  moUusk :  '*  only  those  parts  which, 
Iby  inclosure  in  a  shell,  are  protected  from  enyirouing  actions, 
lose  their  bilateralness ;  while  the  external  parts,  subjected  by 
the  moyements  of  the  creatures  to  bilateral  conditions,  remain 
bilateraL  Here,  howeyer,  a  difficulty  meets  us.  Why  is  it 
that  the  naked  Gasteropods,  such  as  our  conmion  slugs, 
deyiate  from  bilateral  symmetry,  though  their  modes  of 
moyement  are  those  along  with  which  complete  bilateral 
symmetry  usually  occurs  P  The  reply  is,  that  their  deyia- 
tions  from  bilateral  symmetry  are  probably  inherited,  and 
that  ihey  are  maintained  in  such  parts  of  their  organiza- 
tion as  are  not  exposed  to  bilaterally-symmetrical  conditions. 
There  is  reason  to  belieye  that  the  naked  Gbsteropods  are 
descended  from  Ghuteropods  that  had  shells:  the  eyidence 
being  that  the  naked  Oasteropods  haye  sheUs  daring  the 
early  stages  of  their  deyelopment,  and  that  some  of  them 
retain  rudimentary  shells  throughout  life.  Now  the  shelled 
Oasteropods  deyiate  from  bilateral  symmetry  in  the  dis- 
position of  both  the  alimentary  system  and  the  reproductiye 
system.  The  naked  Gasteropods,  in  losing  their  shells,  haye 
lost  that  immense  one-sided  development  of  the  alimentary 
system  which  fitted  them  to  their  shells,  and  have  acquired 
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that  bilateral  symmetiy  of  external  figure  which  fits  them 
for  their  habits  of  locomotion ;  but  the  reprodoctiTe  system 
remains  one-sided,  because,  in  respect  to  it,  the  relations  to 
external  conditions  remain  one-sided. 

The  Cephalopods,  which  are  interpretable  as  higher  de- 
yelopments  on  the  Gasteropod  type,  show  us  bilaterally-sym- 
metrical external  forms  along  with  habits  of  movement  through 
the  water  in  two-sided  attitudes.  At  the  same  time,  in  the  radial 
distribution  of  the  arms,  enabling  one  of  these  creatures  to 
take  an  all-sided  grasp  of  its  prey,  we  see  how  readily  upon  one 
kind  of  sjrmmetry  there  may  be  partially  developed  another 
kind  of  symmetry,  where  the  relations  to  conditions  favour  it. 

S  252.  The  Vertehraia  illustrate  afresh  the  truths  which 
we  have  already  traced  among  the  Annulosa.  Flying 
through  the  air,  swimming  through  the  water,  and  running 
over  the  earth  as  vertebrate  animals  do,  in  common  with 
annulose  animals,  they  are,  in  common  with  annulose  ani- 
mals, different  at  their  anterior  and  posterior  ends,  different 
at  their  dorsal  and  ventral  sur&ces,  but  alike  alonj;  their 
two  sides.  This  single  bilateral  symmetry  renudns  constant 
im.der  the  extremest  modifications  of  form.  Among  fish 
we  see  it  alike  in  the  horizontally-flattened  Skate,  in  the! 
vertically-flattened  Bream,  in  the  almost  spherical  Diodon^ 
and  in  the  greatly-elongated  Syngnathua.  Among  reptiled 
the  Turtle,  the  Snake,  and  the  Crocodile  all  display  it  And 
under  the  countless  modifications  of  structure  displayed  byi 
birds  and  mammals,  it  remains  conspicuous. 

A  less  obvious  fact  which  it  concerns  us  to  note  among  the 
Veriebrataf  parallel  to  one  which  we  noted  among,  the 
Atmulosa,  is  that  whereas  the  lower  vertebrate  fonns  deviate 
but  little  from  triple  bilateral  symmetry,  the  deviation  be- 
comes great  as  we  ascend.  Figs.  273  and  274  show  how; 
besides  being  divisible  into  similar  halves  by  a  vertical  plane 
passing  through  its  axis,  a  Fish  is  divisible  into  halves  thati 
are  not  veiy  dissimilar  by  a  horizontal  plane  passing  through: 
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its  vLxiSf  and  also  into  other  not  Tory  diwuTnilar  halves  by  a 
plane  cutting  it  transvenely.  If,  as  shown  in  Figs.  275 
and  276,  analogous  sections  be  made  of  a  superior  Beptile,  the 
divided  parts  differ  more  decidedly.  When  a  Mammal  and  a 
Bird  are  treated  in  the  same  way,  as  shown  in  Figs.  277, 
278,  and  Figs.  279,  280,  the  parts  marked  off  by  the  divid- 
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ing  planes  are  unlike  in  ia  greater  degrees.  On  considering 
the  mechanical  converse  between  organisms  of  these  several 
types  and  their  environments — on  remembering  that  the 
fish  habitually  moves  through  a  homogeneous  medium  of 
nearly  the  same  specific  gravity  as  itself,  that  the  terrestrial 
reptile  either  crawls  on  the  surface  or  raises  itself  very  in- 
completely above  it,  tLit  the  more  active  imammal,  having 
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its  supporting  ports  more  fully  developed,  thereby  has>  th< 
under  half  of  its  body  mode  more  different  from  the  uppe: 
half,  and  that  the  bird  is  subject  by  its  mode  of  life  to  ye 
another  set  of  actions  and  reactions ;  we  shall  see  that  thes< 
facts  are  quite  congruous  with  the  general  doctrine,  and  fur 
nish  further  support  to  it 

One  other  significant  piece  of  evidence  must  be  nomi^d 
Among  the  Annuiosa  we  found  unsymmetrical  bilateralnesi 
in  creatures  having  habits  exposing  them  to  unlike  conditions 
on  their  two  sides;  and  among  the  Vertebrata  we  find  parallel 
coses.     They  ore  presented  by  the  Pieiironeciidm — ^the  ordei 
of  distorted  flat  fishes  to  which  the  Sole  and  the  Floundei 
belong.     On  the  h}'pothesis  of  evolution,  we  must  conclude 
that  fishes  of  this  order  hove  arisen  from  on  ordinary  bila- 
terally-symmetrical   type   of   fish,    which,  feeding  at  thf. 
bottom  of  the  sea,  gained  some  advantage  by  placing  itsel 
with  one  of  its  sides  downwards,  instead  of  maintaining  tlic 
vertical  attitude.    Besides  the  general  reason  there  ore  speci- 
fic reasons  for  concluding  this.    In  the  first  place,  the  young 
Sole  or  Flounder  is  bilaterally  symmetrical — ^has  its  eyes  on 
opposite  sides  of  its  head,  and  swims  in  the  usual  way.  In  the 
second  place,  the  metamorphosis  which  produces  the  unsym- 
metrical structure  sometimes  does  not' take  place — ^there  are 
abnormal  Flounders  that  swim  vertically,  like  other  fishes. 
In  the  third  place,    the  transition  from  the   symmetrical 
structure   to  the  unsymmetrical    structure  may  be  traced. 
Almost   incredible    though   it  seems,   one  of   the  eyes  is 
transferred  from  the  under-side  of  the  head  to  the  upper- 
side.     Until  lately  it  was  supposed  that  the  chimge  by 
which  the  two  eyes,  originally  placed  on  oppoeite  sides,  come 
to  be  placed  on  the  same  side,  is  eflSaoted  by  a  distortion 
of  the  cranium ;  but  it  is  now  asserted  that  actual  migration 
of  on  eye  occurs.    According  to  Prof.  Steenstrup,  the  eye 
passes  between  the  ununited  bones  of  the  skuU;  but  according 
to  Prof.  Thomson,  it  passes  xmder  the  skin.   Be  the  course  of 
the  metamorphosis  what  it  may,  however,  it  furnishes  several 
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remarkablo  illustrations  of  the  way  in  whicli  forms  become 
noulded  into  Iiarmony  with  incident  forces.  For  besides 
'his  divergence  from  bilateral  symmetry  involved  by  the 
presence  of  both  eyes  upon  the  upper  side,  there  is  a  further 
livergence  from  bilateral  symmetry  involved  by  the  differ- 
3ntiation  of  the  two  sides  in  respect  to  the  contours  of  their 
surfaces  and  the  sizes  of  their  fins.  And  then,  what  is  still 
nore  significant,  there  is  a  near  approach  to  likeness  be- 
:ween  the  halves  that  were  originally  unlike,  but  are,  under 
:he  new  circumstances,  exposed  to  like  conditions.  The 
3ody  is  divisible  into  similarly-shaped  parts  by  a  plane 
cutting  it  along  the  side  from  head  to  toil:  "  the  dorsal  and 
fcntral  instead  of  the  lateral  halves  become  svmmctrical  in 

m 

)utline  and  are  equipoised." 

§  253.  Thus,  little  as  there  seems  in  common  between  the 

apes  of  plants  and  the  shapes  of  animals,  we  yet  find,  on 

'dysis,  that  the  some,  general  truths   ore    displayed  by 

u     The   one   ultimate  principle  that  in  any  organism 

al  amounts  of  growth  take  place  in  those  directions  in 

uich  the  incident  forces  are  equal,  serves  as  a  key  to  the 

phenomena  of  morphological  difierentiation.    By  it  we  are 

iimished  with  interpretations  of  those  likenesses  and  un- 

ikenesses  of  parts,  which  are  exhibited  in  the  several  kinds 

)f  symmetry;    and  when  we  take  into  account  inherited 

}fiects,  wrought  under  ancestral  conditions  contrasted  in 

rarious  ways  with  present  conditions,  we  are  enabled  to 

)omprehend,  in  a  general  way,  the  actions  by  which  animals 

lave  been  moulded  into  the  shapes  they  possess. 

To  fill  up  the  outline  of  the  argument,  so  as  to  make  it 
correspond  throughout  with  the  argument  respecting  vegetal 
onus,  it  would  be  proper  here  to  devote  a  chapter  to  the 
lifferentiations  of  those  homologous  segments  out  of  which 
inimals  of  certain  types  are  composed.  Though,  among  most 
mimals  of  the  third  degree  of  composition,  such  as  the  root- 
ed ^yc/rosoa,  the  Polyzoay  and  the  Ascidioida,  the  united 
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individuals  are  not  reduced  to  the  condition  of  segments '  of  < 
composite  individual,  and  do  not  display  any  marked  differj 
entiations;  yet  there  are  some  animals  in  which  sucll 
subordinations,  and  consequent  heterogsneities,  occur.  Thi 
oceanic  Hydrozaa  form  one  group ;  and  we  have  seei 
reason  to  conclude  that  the  Annulosa  form  another  group 
It  is  not  worth  while,  however,  to  occupy  space  in  detailing 
these  unlikenesses  of  homologous  segments,  and  seeking 
specific  explanations  of  them.  Among  the  oceanic  Sydrozoc 
they  are  extremely  varied ;  and  the  habits  and  derivations  o: 
these  creatures  ore  so  little  known,  that  there  are  no  adequate 
data  for  interpreting  the  forms  of  the  parts  in  terms  of  theii 
relations  to  the  environment.  Conversely,  among  the^/i- 
nulosa  those  differentiations  of  the  homologous  segment 
which  accompany  their  progressing  integration,  have  s 
much  in  common,  and  have  general  causes  which  are  so  ob 
vious,  that  it  is  needless  to  deal  with  them  at  any  length 
They  are  all  explicable  as  due  to  the  exposure  of  different  part, 
of  the  chain  of  segments  to  different  sets  of  actions  and  re- 
actions: thp  most  general  contrast  being  that  between  th< 
anterior  segments  and  the  posterior  segments,  answering  U 
the  most  general  contrast  of  conditions  to  which  annulosi 
animals  subject  their  segments ;  and  the  more  special  con- 
trasts answering  to  the  contrasts  of  conditions  entailed  b} 
their  more  special  habits. 

Were  an  exhaustive  treatment  of  the  subject  practicable 
there  should  here,  also,  come  a  chapter  devoted  to  the  interna 
structures  of  animals — meaning,  more  especially,  the  shapei 
and  arrangements  of  the  viscera.  The  relations  betweei: 
forms  and  forces  among  these  inclosed  parts,  are,  however 
mostly  too  obscure  to  allow  of  interpretation.  Protected  ai 
the  viscera  are  in  great  measure  firom  the  incidence  of  exJ 
temal  forces,  we  are  not  likely  to  find  much  correspondence 
between  their  distribution  and  the  distribution  of  externa! 
forces.  In  this  case  the  influences,  partly  mechanical,  portl]; 
physiological,  which  the  organs  exercise  on  one  another 
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becomo  the  cliief  causes  of  their  changes  of  figure  and  ar- 
raugement ;  and  these  influences  are  complex  and  indefinite. 
One  general  fact  may,  indeed,  be  noted — ^the  fact,  namely, 
that  the  divergence  towards  asymmetry  which  generally 
characterizes  the  viscera,  is  marked  among  those  of  them 
which  are  most  removed  from  mechanical  converse  with  the 
environment,  but  not  so  marked  among  those  of  them  which 
arc  less  removed  from  such  converse.  Thus  while,  through- 
out the  Vertebrata,  the  alimentary  system,  with  the  exception 
of  its  two  extremities,  is  asymmetrically  arranged,  the  re- 
spiratory system,  which  occupies  one  end  of  the  body,  ge- 
nerally deviates  but  little  from  bilateral  symmetry,  and  the 
reproductive  system,  partly  occupying  the  other  end  of  the 
body,  is  in  the  main  bilaterally  sjrmmetrical :  such  deviation 
from  bihiteral  symmetry  as  occurs,  being  found  in  its  most 
iinteriorly-placed  parts,  the  ovaries.  Just  indicating  these 
facts  as  having  a  certain  significance,  it  will  be  best  to  leave 
this  part  of  the  subject  as  too  involved  for  detailed  treat- 
ment. 

Intcmal  structures  of  one  class,  however,  not  included 
among .  the  viscera,  admit  of  general  interpretation — struc- 
tures which,  though  internal,  are  brought  into  tolerably- 
direct  relations  with  the  environing  forces,  and  are  therefore 
subordinate  in  their  forms  to  the  distribution  of  those  forces. 
These  internal  structures  it  will  be  desirable  to  deal  with 
at  some  length ;  both  because  they  furnish  important  illustra- 
tions enforcing  the  general  argument,  and  because  an  inter- 
pretation of  them  which  we  have  seen  reason  to  reject, 
cannot  be  rejected  without  raising  the  demand  for  some  other 
interpretation. 

Vol.  XL  .  9 
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SHAPES  OF  YEBTEBRATE  SKELETONS. 


§  254.  When  an  elongated  mass  of  any  substance  is 
transversely  strained,  different  parts  of  the  mass  are  ex- 
posed to  forces  of  opposite  kinds.     If,  for  example,  a  bar' 
of  metal  or  wood  is  supported  at  its  two  ends,  as  sbown  iu 
Fig.  281,  and  bas  to  bear  a  weight  on  its  centre,  its  lower 


part  is  thrown  into  a  state  of  tension,  while  its  upper  part  is 
thrown  into  a  state  of  compression.  As  will  be  manifest  to 
any  one  who  has  observed  what  happens  on  breaking  a  stick 
across  his  knee,  the  greatest  degree  of  tension  foils  t)n  the 
fibres  that  form  the  convex  surface,  while  the  fibres  fonning 
the  concave  surface  are  subject  to  the  greatest  degree  oJ 
compression.  Between  these  extremes  the  fibres  at  different 
depths  are  subject  to  different  forces.  Progressing  upirardf 
from  the  under  surface  of  the  bar  shown  in  Fig.  281,  the 
tension  of  the  fibres. becomes  less;  and  progressing  down- 
wards from  the  upper  surfiace,  the  compression  of  the  fibres 
becomes  less ;  until,  at  a  certain  distance  between  the  two 
surfaces,  there  is  a  place  at  which  the  fibres  are  neither  ex* 
tended  nor  compressed.    This,  shown  by  the  dotted  liue  in 
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the  figure,  is  called  In  mechanical  language  the  '' neutral 
axis.''  It  varies  in  position  with  the  nature  of  the  substance 
strained :  being,  in  common  pine-wood,  at  a  distance  of  about 
five  eighths  of  the  depth  from  the  upper  surfiice  or  three 
eighths  from  the  under  surface.  Cleaiij,  if  such  a  piece  of 
wood  instead  of  being  subject  to  a  downward  force  is  secured 
at  its  ends  and  subject  to  an  upward  force,  the  distribution 
of  the  compressions  and  tensions  will  be  reversed,  and  the 
neutral  axis  will  be  nearest  to  the  upper  surface.  Fig.  282 
represents  these  opposite  attitudes  of  the  bar  and  the  changed 


position  of  its  neutral  axis :  the  arrow  indicating  the  direc- 
tion of  the  force  producing  the  upward  bend,  and  the  faint 
dotted  line  a,  showing  the  previous  position  of  the  neutral  axis. 
Between  the  two  neutral  axes  will  be  seen  a  central  space  • 
and  it  is  obvious  that  when  the  bar  has  its  strain  from  time 
to  time  reversed,  the  repeated  changes  of  its  molecular  con- 
dition must  affect  the  central  space  in  a  way  di£brent  from 
that  in  which  they  affect  the  two  outer  spaces.  Fig.  283  is 
a  diagram  conveying  some  idea  of  these  contrasts  in  molecular 
condition.  If  A  B  0  D  be  the  middle-part  of  a  bar  thus 
treated,  while  G-  H  and  K  L  are  the  alternating  neutral 
axes ;  then  the  forces  to  which  the  bar  is  in  each  case  subject, 
may  be  readily  shown.  Supposing  the  deflecting  forco  to 
be  acting  in  the  direction  of  the  arrow  E,  then  the  tensions 
to  which  the  fibres  between  G*  and  F  are  exposed,  will  be 
represented  by  a  series  of  lines  increasing  in  length  as  the 
distance  from  Gt  increases ;  so  that  the  triangle  G  F  M,  will 
express  the  amount  and  distribution  of  all  the  moleculax 
tensions.  But  the  molecular  compressions  throughout  the 
space  from  G-  to  £,  must  balance  the  molecular  tensions; 
and  hence,  if  the  triangle  G  E  N  be  made  equal  to  the  tri- 
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augle  G  F  M,  the  parallel  lines  of  wUcli  it  is  composed  (here 
dotted  for  the  soke  of  distinction)  will  express  the  amount 


and  distribution  of  the  compressions  between  E  and  O. 
Similarly,  when  the  deflecting  force  is  in  the  direction  of  the 
arrow  F,  the  compressions  and  tensions  wiU  be  quantitatively 
symbolized  by  the  triangle  K  F  O,  and  K  £  P.  And 
thus  the  several  spaces  occupied  by  full  lines  and  by  dotted 
lines  and  by  the  two  together,  will  represent  the  different 
actions  to  which  different  ports  of  the  transverse  section  are 
subject  by  alternating  transverse  strains.  Here  then  it  is 
made  manifest  to  the  eye  that  the  central  space  between  G 
and  "K,  is  differently  conditioned  from  the  spaces  above  and 
below  it;  and  that  the  difference  of  condition  is  .sharply 
marked  off  The  fibres  forming  the  outer  surface  C  D,  are 
subject  to  violent  tensions  and  violent  compressions.  Pro- 
gressing inwards  the  tensions  and  compressions  decrease^ 
the  tensions  the  more  rapidly.  As  we  approach  the  point  O, 
the  tensions  to  which  the  fibres  are  alternately  subject,  bear 
smaller  and  smaller  ratios  to  the  compressions,  and  disappear 
at  the  point  G.    Thence  to  the  centre  occur  compressions 


THB  SHAPES  OF  VERTEBBATE  SKELETONS.      105 

only,  of  alternating  intensities,  becoming  at  the  centre  small 
and  equal ;  and  from  the  centre  vre  advance,  through  a 
reverse  series  of  changes,  to  the  other  side. 

Thus  it  is  demonstrable  that  any  substance  in  which  the 
power  of  resisting  compression  is  unequal  to  the  power  of 
resisting  tension,  cannot  be  subject  to  alternating  transverse 
strains,  without  having  a  central  portion  differentiated  in  its 
conditions  from  the  outer  portions,  and  consequently  dif- 
ferentiated in  its  structure.  This  conclusion  may  easily  be 
verified  by  experiment.  If  something  having  a  certain  tough- 
ness but  not  difficidt  to  break,  as  a  thick  piece  of  sheet  lead, 
be  bent  from  side  to  side  till  it  is  broken,  the  surface  of  frac- 
ture will  exhibit  an  unlikeness  of  texture  between  the  inner 
and  outer  parts. 

§  255.  And  now  for  the  application  of  this  seemingly-irre- 
levant truth.  Though  it  has  no  obvious  connection  with  the 
interpretation  of  vertebral  structure,  we  shall  soon  see  that  it 
fundamentally  concerns  us. 

The  simplest  type  of  vertebrate  animal,  the  fish,  has  a 
mode  of  locomotion  which  involves  alternating  transverse 
strains.  It  is  not,  indeed,  subjected  to  alternating  transverse 
strains  by  some  outer  agency,  as  in  the  case  we  have  been 
investigating:  it  subjects  itself  to  them.  But  though  the 
strains  are.  here  internally  produced  instead  of  externally 
produced,  the  case  is  not  therefore  removed  into  a  wholly 
different  category.  Por  sup- 
posing Fig.  284  to  represent 
the  outline  of  a  fish  when 
bent  on  one  side  (the  dotted  lines  representing  its  outline 
when  the  bend  is  reversed),  it  is  clear  that  part  of  the  sub- 
stance forming  the  convex  half  must  be  in  a  state  of  tension. 
This  state  of  tension  implies  the  existence  in  the  other  half 
of  some  counter-balancing  compression.  And  between  the 
two  there  must  be  a  neutral  axis.  The  way  in  which  this 
conclusion  is  reconcilable  with  the  fact  that  there  is  tension 
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somewliere  in  the  concaye  side  .of  a  fish,  since  the  curvo  is 
caused  by  muscular  contractions  on  the  concave  side,  will  b6 
made  clear  by  the  rude  illustration  which  a  bow  supplies. 
A  bow  may  be  bent  by  a  thrust  against  its  middle  (the  two 
ends  being  held  back),  or  it  may  be  bent  by  contracting 
a  string  that  unites  its  ends ;  but  the  distributions  of  me- 
chanical forces  within  the  wood  of  the  bow,  though  not  quite 
alike  in  the  two  cases,  will  be  very  similar.  Now  while  the 
muscular  action  on  the  concave  side  of  a  fish  differs  from  that 
represented  by  the  tightene«l  string  of  a  bow,  the  difference 
is  not  such  as  to  destroy  the  applicability  of  the  illustration : 
the  parallel  holds  so  for  as  this,  that  within  that  portion  of 
the  fish's  body  which  is  passively  bent  by  the  contracting 
muscles,  there  must  be,  as  in  a  strung  bow,  a  part  in  com- 
pression, a  part  in  tension,  and  an  intermediate  part  which 
is  neutral. 

Becognizing  the  fact  that  even  in  the  developed  fish  with 
its  complex  locomotive  apparatus,  this  law  of  the  transverse 
strain  holds  in  a  qualified  way,  we  shall  understand  how 
much  more  it  must  hold  in  any  form  that  may  be  supposed 
to  initiate  the  vertebrate  type— a  form  devoid  of  that  seg- 
mentation by  which  the  vertebrate  type  is  more  or  less  cha- 
racterized. We  shall  see  that  assuming  a  rudimentary 
animal  still  simpler  than  the  AmphiaxuSf  to  have  a  feeble 
power  of  moving  itseK  through  the  water  by  the  undulations 
of  its  body,  or  some  part  of  its  body,  there  will  necessarily 
come  into  play  certain  reactions  that  must  affect  the  median 
portion  of  the  undulating  moss  in  a  way  unlike  that  in 
which  they  affect  its  lateral  portions.  And  if  there  exists  in 
this  median  portion  a  tissue  that  keeps  its  place  with  any 
constancy,  we  may  expect  that  the  differential  conditions 
produced  in  it  by  the  transverse  strain,  will  initiate  a  dif- 
ferentiation. It  is  true  that  the  distribution  of  the  viscera 
in  the  Amphtaxiia,  Fig.  191,  and  in  the  type  from  whicli 
we  may  suppose  it  to  arise,  is  such  as  to  interfere  with  this 
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color  masses?  Is  tills,  too,  explicable  on  the  mecliaiiical 
hypothesis  ?  Haye  we,  in  the  perpetual  tnmsyerse  strains, 
a  cause  for  the  fact  that  while  the  rudimentary  yertebrate 
axis  is  without  any  diyisions,  there  are  definite  diyisions 
of  the  substance  forming  the  animal's  sides  ?  I  think  we 
haye.  A  glance  at  the  distribution  of  forces  under  the 
tnmsyerse  strain,  as  represented  in  the  foregoing  diagrams, 
will  show  how  much  more  seyere  is  the  strain  on  the  outer 
parts  than  on  the  inner  parts ;  and  how,  consequently,  any 
modifications  of  structure  eyentually  necessitated,  will  arise 
peripherally  before  they  arise  centrally.  The  perception  of 
this  may  be  enforced  by  a  simple  experiment.  Take  a  stick 
of  sealing-wax  and  warm  it  slowly  and  moderately  before 
the  fire,  so  as  to  giye  it  a  little  flexibility.  Then  bend  it 
gently  until  it  is  cunred  into  a  semi-circle.  On  the  conyex 
surface  small  cracks  will  be  seen,  and  on  the  concaye  sur- 
face wrinkles ;  while  between  the  two  the  substance  remains 
undistorted.  If  the  bend  be  reyersed  and  re-reyersed,  time 
after  time,  these  cracks  and  wrinkles  will  become  fissures 
which  gradually  deepen.  Butnow,  if  changes  of  this  class,  en* 
tailed  by  perpetual  tnmsyerse  strains,  commence  superficially, 
as  they  manifestly  must ;  there  arise  the  further  questions — 
What  will  be  the  special  modifications  produced  imder  these 
special  conditions  P  and  through  what  stages  will  these  modifi- 
cations progress  ?  Eyery  one  has  literally  at  hand  an  example 
of  the  way  in  which  a  flexible  external  layer  that  is  now  ex- 
tended and  now  compressed,  by  the  bending  of  the  mass  it 
coyeni,  becomes  areased ;  and  a  glance  at  the  palms  and  the 
fingers  will  show  that  the  creases  are  near  one  another 
where  the  skin  is  thin,  and  far  apart  where  the  skin  is  thick. 
Between  this  familiar  case  and  the  case  of  the  rhinoceros- 
hide,  in  which  there  are  but  a  few  large  folds,  yarious  grada* 
tions  may  be  traced.  I^ow  the  like  must  happen  with  the 
increasing  layers  of  contractile  fibres  forming  the  sides  of 
the  muscular  tunic  in  such  a  type  as  that  supposed.  Hie 
bondings  will  produce  in  them  small  wrinkles  while  they  are 
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-thin,  but  more  decided  and  comparatively  distant  fissures  as 
they  become  thick.  Fig  289,  which  is  a 
horizontal  longitudinal  section,  shows 
how  these  thickening  layers  will  adjust  X  \  W\" 
themselves  on  the  convex  and  the  con- 
cave surfaces,  supposing  the  fibres  of 
which  they  arc  com]}osed  to  be  oblique, 
as  their  function  requires ;  and  it  is  not  difiicult  to  see  that 
when  once  definite  divisions  have  been  established,  they  will 
advance  inwards  as  the  layers  develop  ;  and  will  so  produce 
a  series  of  muscular  bundles.  Here  then  we  havQ  something 
like  the  myacommata  which  are  traceable  in  the  Amphioxus, 
and  are  conspicuous  in  all  superior  fishes. 

I  256.  These  speculative  conceptions  I  have  ventured  to 
present  with  the  view  of  showing  that  the  hypothesis  of  the 
mechanical  genesis  of  vertebrate  structure,  is  not  wholly  at 
fault  when  applied  to  the  most  rudimentary  vertebrate  ani- 
maL  Lest  it  should  be  alleged  that  the  question  is  begged 
if  we  set  out  with  a  type  which,  like  the  Amphicxus,  already 
displays  segmentation  throughout  its  muscular  system,  it 
seemed  needful  to  indicate  conceivable  modes  in  which  there 
may  have  been  mechanically  produced  those  leading  traits 
that  distinguish  the  Amphioxua.  It  seemed  needful  to 
assign  an  origin  for  the  notochord ;  and  to  this  we  see  a 
clue  in  the  differentiating  effects  of  the  transverse  strain.  It 
seemed  needful  to  account  for  the  existence  of  muscular 
divisions  while  yet  there  are  no  vertebral  divisions ;  and  for 
this,  also,  the  transverse  strain  furnishes  a  feasible  reason. 

But  now,  having  shown  that  the  actions  and  reactions  in- 
volved by  its  mode  of  locomotion,  are  possible  causes  of  those 
rudimentary  structures  which  the  simplest  vertebrate  animal 
presents,  let  us  return  to  the  region  of  established  fact,  and 
consider  whether  such  actions  and  reactions  as  we  actually 
witness,  are  adequate  causes  of  those  observed  differentiations 
and  integrations  which  distinguish  the  more-developed  ver- 
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tebrate  animals.  Let  us  see  whether  the  theory  of  mechani* 
cal  genesis  afford  us  a  deductive  interpretation  of  the  in- 
ductive generalizations. 

Before  proceeding,  we  must  note  a  process  of  functional 
adaptation  which  here  co-operates  with  natural  selection.  I 
refer  to  the  habitual  formation  of  denser  tissues  at  those 
parts  of  an  organism  which  are  exposed  to  the  great^t 
strains— either  compressions  or  tensions«  Instances  of  hard- 
ening under  compression  are  made  familiar  to  us  by  the 
skin.  We  have  the  general  contrast  between  the  soft  skin 
covering  the  body  at  large,  and  the  indurated  skin  coveiing 
the  inner  surfaces  of  the  hands  and  the  soles  of  the  feet. 
We  have  the  fact  that  even  within  these  areas  the  jmrts  on 
which  the  pressure  is  habitually  greatest,  have  the  skin 
habitually  thickest;  and  that  in  each  person  special  points 
exposed  to  special  pressures  become  specially  dense— often 
as  dense  as  horn.  Further,  we  have  the  converse  fiict,  that 
the  skin  of  little-used  hands  becomes  abnormally  thin — even 
losing,  in  places,  that  ribbed  structure  which  distinguishes 
skin  subject  to  rough  usage.  Of  increased  density  directly 
following  increased  tension,  the  skeletons,  whether  of  men 
or  animals,  furnish  abundant  evidence.  Anatomists  easily 
discriminate  between  the  bones  of  a  strong  man  and  those  of 
a  weak  man,  by  the  greater  development  of  those  ridges  and 
crests  to  which  the  muscles  are  attached ;  and  naturalists,  on 
comparing  the  remains  of  domesticated  animals  with  those 
of  wild  animals  of  the  same  species,  find  kindred  differences. 
The  first  of  these  facts  shows  unmistakably  the  immediate 
effect  of  function  on  structure,  and  by  obvious  alliance  with 
it  the  second  may  be  held  to  do  the  same — ^both  impljring 
that  the  deposit  of  dense  substance  capable  of  great  resist- 
ance, habitually  takes  place  at  points  where  the  tension  is 
excessive. 

Taking  into  account,  then,  this  adaptive  process,  con- 
tinually aided  by  the  survival  of  individuals  in  which  it 
has  taken  place  most  rapidly,  we  may  expect,  on  txrunng  up 
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th.e  evolution  of  the  yertebrate  axis,  to  find  that  as  the  mus- 
cular power  becomes  greater  there  arise  larger  and  liarder 
masses  of  tissue,  serving  the  muscles  as  points  d*appui/  and 
that  these  arise  first  in  those  places  where  the  strains  arc 
greatest  Now  this  is  just  what  we  do  find.  The  myocom- 
mata  are  so  placed  that  their  actions  are  likely  to  afiect  first 
that  upper  coat  of  the  notochoxd,  where  there  are  found 
*'  quadrate  masses  of  somewhat  denser  tissue,''  which  "  seem 
faintly  to  represent  neural  spines,"  even  in  the  Amphioxus. 
It  is  by  the  development  of  the  neural  spines,  and  after  them 
of  the  hscmol  spines,  that  the  segments  of  the  vertebral 
column  are  first  marked  out ;  and  under  the  increasing  strain 
of  more-developed  myocommata,  it  is  just  these  peripheral 
appendages  of  the  vertebral  segments  that  must  be  most 
subject  to  the  forces  which  cause  the  formation  of  denser 
tissue.  It  follows  from  the  mechanical  hypothesis  that  as 
the  muscular  segmentation  must  begin  externally  and  pro- 
gress inwards,  so,  too,  must  the  vertebral  segmentation. 
Besides  thus  finding  reason  for  the  fSeust  that  in  fishes  with 
wholly  cartilaginous  skeletons,  the  vertebral  segments  are 
indicated  by  these  processes,  while  yet  the  notochord  is  un- 
segmented;  we  find  a  like  reason  for  the  fact  that  the  tran- 
sition from  the  less-dense  cartilaginous  skeleton  to  the  more- 
dense  osseous  skeleton,  pursues  a  parallel  course.  In  th^ 
existing  Zepidosiren,  which  by  uniting  certain  piscine  and 
amphibian  characters  betrays  its  dose  alliance  with  primitive 
types,  the  axial  part  of  the  vertebral  column  is  unossified, 
while  there  is  ossification  of  the  peripheral  parts.  Similarly 
with  numerous  genera  of  fishes  classed  as  paheozoic.  The 
fossil  remains  of  them  show  that  while  the  neural  and  haemal 
spines  consisted  of  bone,  the  central  parts  of  the  vertebrse 
were  not  bony.  It  may  in  some  cases  be  noted,  too,  both  in 
extant  and  in  fossil  forms,  that  while  the  ossification  is  com- 
plete at  the  outer  extremities  of  the  spines  it  is  incomplete 
at  their  inner  extremities — ^thus  similarly  implying  oentri* 
petal  development. 
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§  257.  After  these  explanations  the  process  of  erentunl 
segmentation  in  the  spinal  axis  itself,  will  be  readily  under- 
stood. The  original  cartilaginous  rod  has  to  maintain  longi* 
tudinal  rigidity  while  permitting  lateral  flexion.  As  fast  as 
it  becomes  definitely  marked  out,  it  will  begin  to  concentrate 
within  itself  a  great  part  of  those  pressures  and  tensions 
caused  by  transverse  strains.  As  already  said,  it  must  be 
acted  upon  much  in  the  same  manner  as  a  bow,  though  it  is 
bent  by  forces  acting  in  a  more  indirect  way ;  and  like  a  bow, 
it  must,  at  each  bend,  have  the  substance  of  its  convex  rado 
extended  and  the  substance  of  its  concave  side  compressed. 
So  long  as  the  vertebrate  animal  is  small  or  inert,  such  a 
cartilaginous  rod  may  have  sufficient  strength  to  withstand 
the  muscular  strains  ;  but,  other  things  equal,  the  evolution 
of  an  aninml  that  is  large,  or  active,  or  both,  implies  mus- 
cular strains  that  must  tend  to  cause  modification  in  such  a 
cartilaginous  rod.  The  results  of  greater  bulk  and  of  greater 
vivacity  may  be  best  dealt  with  separately.  As  the 

animal  increases  in  size,  the  rod  will  grow  both  longer  and 
thicker.  On  looking  back  at  the  diagn^  of  forces  caused 
by  transverse  strains,  it  will  be  seen  that  as  the  rod  grows 
thicker,  its  outer  parts  must  be  exposed  to  more  severe  ten- 
sions and  pressures,  if  the  degree  of  bend  is  the  same.  It  is 
doubtless  true  that  when  the  fish  or  reptile,  advancing  by 
lateral  undulations,  becomes  longer,  the  curvature  assumed 
by  the  body  at  each  movement  becomes  less ;  and  that  from 
this  cause  the  outer  parts  of  the  notochord  are,  other  things 
equal,  less  strained — the  two  changes  thus  partially  neutral- 
izing one  another.  But  other  things  are  not  equal.  For 
while,  supposing  the  shape  of  the  body  to  remain  con- 
stant, the  force  exerted  in  moving  the  body  increases  as  the 
cubes  of  its  dimensions,  the  sectional  area  of  the  notochord, 
on  which  fall  the  reactions  of  this  exerted  force,  increases 
only  as  the  squares  of  the  dimensions :  whence  results  an 
intenser  stress  upon  its  substance.  Merely  noting  that  the 
other  varying  factor — the  rasistance  of  the  water — may  hero 
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bo  left  out  of  the  account  (since  for  similar  mosses  moving 
with  equal  velocities  the  resistances  increase  but  little  faster 
tlian  the  squares  of  the  dimensions,  which  is  the  rate  at  which 
the  sectional  areas  of  the  notochords  increase)  we  see  that  aug- 
menting bulky  token  alone,  involves  but  a  moderate  residuary 
increase  of  strain  on  each  portion  of  the  notochord;  and 
this  is  probably  the  reason  why  it  is  possible  for  a  lorge  a/i/r/- 
giah  fish  like  the  Sturgeon,  to  retain  the  notochordol  struc- 
ture. But  now,  passing  to  the  effects  of  greater  ac- 
tivity, a  like  dynamical  inquiry  at  once  shows  us  how  rapidly 
the  violence  of  the  actions  and  reactions  rises  as  the  move- 
ments become  more  vivacious.     In  the  first  place,  the  resist- 
ance of  o  medium  such  as  water  increases  as  the  square  of 
the  velocity  of  the  body  moving  through  it ;  so  that  to  maiti" 
tain  double  the  speed,  a  fish  has  to  expend  four  times  tho 
energy.     But  the  fish  has  to  do  more  than  this — ^it  has  to 
initiate  this  speed,  or  to  impress  on  its  moss  the  force  implied 
by  this  speed.     Now  the  m  viva  of  o  moving  body  varies  as 
the  square  of  the  velocity ;  whence  it  follows  that  the  energy 
required  to  generate  thot  via  viva  is  measured  by  the  squore 
of  the  velocity  it  produces.     Consequently,  did  the  fish  put 
itself  in  motion  inatantaneousltf,  the  expenditure  of  energy  in 
generating  its  own  vis  tiva  &nd  simultoneously  overcoming 
the  resistance  of  the  water,  would  vary  as  the  fourth  power 
of  the  velocity.     But  the  fish  cannot  put  itself  in  motion 
instantaneously — ^it  must  do  it  by  increments ;  and  thus  it 
r^ults  that  the  amounts  of  the  forces  expended  to  give  itself 
different  velocities  must  be  represented  by  some  series  of 
numbers  falling  between  the  squares  and  the  fourth  powers 
of  those  velocities.  Were  the  increments  slowly  accumulated, 
the  ratio  of  increasing  effort  would  but  little  exceed  the  ratio 
of  the  squares ;  but  whoever  observes  the  sadden,  convulsive 
action  with  which  on  alormed  fish  darts  out  of  a  shallow  into 
deep  water,  will  see  that  the  velocity  is  very  rapidly  gener- 
ated, and  that  therefore  the  ratio  of  increasing  effort  probably 
exceeds  the  ratio  of  the  squares  very  considerably.     At  any 
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rate  it  will  be  clear  that  the  efforts  made  hj  fish  in  rushing 
upon  prey  or  escapiug  enemies  (and  it  is  these  extreme  efforts 
which  here  concern  us)  must,  as  fish  become  more  active, 
rapidly  exalt  the  strains  to  be  borne  by  their  motor  organs ; 
and  that  of  these  strains,  those  which  fall  upon  the  noto- 
chord  must  be  exalted  in  proportion  to  the  rest.  Thus  the 
development  of  locomotive  power,  which  survival  of  the 
fittest  must  tend  in  most  cases  to  favour,  involves  such  in- 
crease of  stress  on  the  primitive  cartilaginous  rod  as  will 
tend,  other  things  equal,  to  cause  its  modification. 

What  must  its  modification  be  P  Considering  the  compli- 
cation of  the  influences  at  work,  conspiring,  as  above  indi- 
cated, in  various  ways  and  degrees,  we  cannot  expect  to  do 
more  than  form  an  idea  of  its  average  character.  The  nature 
of  the  changes  which  the  notochord  is  likely  to  undergo,  where 
greater  bulk  is  accompanied  by  higher  activity,  is  rudely 
indicated  bv  Figs.  291,  292,  and  293.     The  successively 


thicker  lines  represent  the  successively  greater  strains  to 
which  the  outer  layers  of  tissue  are  exposed ;  and  the  widen* 
ing  inter-spaces  represent  the  greater  extensions  which  they 
have  to  bear  when  they  become  convex,  or  else  the  greater 
gaps  that  must  be  formed  in  them.  Had  these  outer  layers 
to  undergo  extension  only,  as  on  the  convex  side,  continued 
natural  selection  might  result  in  the  formation  of  a  tissue 
elastic  enough  to  admit  of  the  requisite  stretching.  But  at 
each  alternate  bend,  these  outer  layers,  becoming  concave, 
are  subject  to  increased  compression — a  compression  which 
they  cannot  withstand  if  they  have  become  simply  more 
extensible.  To  withstand  this  greater  compression  they  must 
become  harder  as  well  as  more  extensible.  How  are 
these  two  requirements  to  be  reconciled  ?  If,  as  facts  war- 
rant us  in  supposing,  a  formation  of  denser  substance  occurs 
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dt  those  parts  of  the  notochoid  where  the  strain  is  greatest ; 
It  is  clear  that  this  formatioii  cannot  so  go  on  as  to  produce 
a  continuous  moss :  the  perpetual  flexions  must  prevent  this. 
If  matter  that  will  not  yield  at  each  bend,  is  deposited  while 
the  bondings  are  continually  taking  placoi  the  bondings  will 
maintain  certain  places  of  discontinuity  in  the  deposit- 
places  at  which  the  whole  of  the  stretching  consequent  on 
each  bend  will  be  concentrated.  And  thus  the  tendency  will 
bo  to  form  segments  of  hard  tissue  capable  of  great  resistance 
to  compression,  with  intervals  filled  by  elastic  tissue  capable 
of  great  resistance  to  extension— -a  vertebral  column. 

And  now  observe  how  the*  progress  of  ossification  is  just 
such  as  conforms  to  this  view.  That  centripetal  develop- 
ment of  segments  which  holds  of  the  vertebrate  animal  as  a 
whole,  as,  if  caused  by  transverse  strains,  it  ought  to  do,  and 
which  holds  of  the  vertebral  column  as  a  whole,  as  it  ought 
to  do,  holds  also  of  the  central  axis.  On  the  mechanical 
hypothesis,  the  outer  surface  of  the  notochord  should  be  the 
first  part  to  undergo  induration,  and  that  division  into  seg- 
ments that  must  accompany  induration.  And  accordingly, 
in  a  vertebral  column  of  which  the  axis  is  beginning  to 
ossify,  the  centrums  consist  of  bony  rings  inclosing  a  still- 
continuous  rod  of  cartilage. 

I  258.  Sundry  other  general  facts  which  the  comparative 
morphology  of  the  VerUbnUa  discloses,  supply  farther  con- 
firmation.   Let  us  take  first  the  structure  of  the  skulL 

On  considering  the  arrangement  of  the  muscular  flakes,  or 
myocommata,  in  any  ordinary  fish  that  comes  to  table— an 
arrangement  already  sketched  out  in  the  Amphi4Knt9— it  is  not 
difficult  to  see  that  that  portion  of  the  body  oat' of  which  the 
head  of  the  vertebrate  animal  becomes  developed,  is  a  por- 
tion which  cannot  subject  itself  to  bondings  in  the  same 
degree  as  the  rest  of  the  body.  The  muscles  developed  there 
must  be  comparatively  short,  and  much  interfered  with  by 
the  pre-  existing  orifices.    Hence  the  cephalic  part  will  not 
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partake  in  any  considerable  degree  of  the  lateral  nndula 
tions ;  and  there  will  not  tend  to  arise  in  it  any  such  distinc 
segmentation  as  arises  elsewhere.  We  have  here,  then,  ai 
explanation  of  the  fact,  that  from  the  beginning  the  develop 
ment  of  the  head  follows  a  course  imlike  that  of  the  spina! 
column ;  and  of  the  fj^t  that  the  segmentation,  so  far  as  ii 
can  be  traced  in  the  head,  is  most  readily  to  be  traced  in  the 
occipital  region  and  becomes  lost  in  the  region  of  the  face. 
Still  more  significantly,  we  have  an  explanation  of  the  fact 
that  the  base  of  the  skull,  answering  to  the  front  end  of  the 
notochord,  never  betrays  any  sign  of  segmentation.  This, 
which  is  absolutely  at  variance  with  the  hypothesis  of  the 
transcendental  anatomists,  is  in  complete  harmony  with  the 
foregoing  hypothesis.  For  if,  as  we  have  seen,  the  segmenta- 
tion consequent  on  mechanical  actions  and  reactions  must 
progress  from  without  inwards,  affecting  last  of  all  the  axis : 
and  if,  as  we  have  seen,  the  region  of  the  head  is  so  circum- 
stanced that  the  causes  of  segmentation  act  but  feebly  even 
on  its  periphery ;  then,  it  is  to  be  expected  that  its  axis 
will  not  be  segmented  at  all :  that  portion  of  the  primitive 
notochord  which  is  included  in  the  head,  having  to  un- 
dergo no  lateral  bendings,  may  ossify  without  division  into 
segments. 

Of  other  incidental  evidences  supplied  by  comparative 
morphology,  let  me  next  refer  to  the  supernumerary  bones, 
which  the  theory  of  Goethe  and  Oken  as  elaborated  by  Prof. 
Owen,  has  to  get  rid  of  by  gratuitous  suppositions.  In  many 
fishes,  for  example,  there  are  what  have  been  called  inter- 
neural  spines  and  inter-haemal  spines.  These  cannot  by  any 
ingenuity  be  aflUiated  upon  the  archetypal  vertebra,  and  they 
are  therefore  arbitrarily  rejected  as  bones  belonging  to  the 
exo-skeleton ;  though  in  shape  and  texture  they  are  similar 
to  the  spines  between  which  they  are  placed.  On  the  hy- 
pothesis of  evolution,  however,  these  additional  bones  are 
accounted  for  as  arising  under  actions  like  those  that  guvei 
origin  to  the  bones  adjacent  to  them.    And  similarly  witlt 
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become  so  definitely  integrated  that  the  individuolitiea  of 
their  component  members  ore  almost  lost  in  a  tertiary  indi- 
viduaHty. 

Along  with  this  progressive  integration  there  has  gono  on 
a  progressive  differentiation.  Vegetal  units  of  \rhatovcr 
order,  originally  homogeneooSi  have  become  heterogeneous 
while  thoy  have  become  united.  Spherical  cells  aggregating 
into  threads,  into  luminoe,  into  masses,  and  into  special  tis- 
sues, lose  their  sphericity;  and  instead  of  remaining  ull 
alike  assume  innumerable  imlikenesses — from  imiformity  puss 
into  multiformity.  Fronds  combining  to  form  axes,  severally 
acquire  definite  differences  between  their  attached  ends  and 
their  fi-eo  ends ;  while  they  also  diverge  from  one  another 
in  their  shapes  at  different  parts  of  the  axes  they  compose. 
And  axes,  uniting  into  aggregates  of  a  still  higher  order,  be- 
come more  or  less  contrasted  in  their  sizes,  curvatures,  and 
arrangements  of  their  appendages.  Similarly  among 

animals.  Those  components  of  them  which,  with  a  certain 
license,  we  class  as  morphologicol  xmits,  while  losing  their 
minor  individualities  in  the  major  individualities  formed  of 
them,  grow  definitely  unlike  as  they  grow  definitely  com- 
bined. And  where  the  aggregates  so  produced  become,  by 
coalescence,  segments  of  aggregates  of  a  still  higher  order, 
they,  too,  diverge  from  one  another  in  their  shapes. 

The  morphological  differentiation  which  thus  goes  hand  in 
hand  with  morphological  integration,  is  clearly  what  the 
perpetually-complicating  conditions  would  lead  us  to  antici- 
pate. Every  addition  of  a  new  unit  to  an  aggregate  of  such 
units,  must  affect  the  circumstances  of  the  other  units  in  all 
varieties  of  ways  and  degrees,  according  to  their  relative 
posituma — ^must  alter  the  distribution  of  mechanical  strains 
throughout  the  mass,  must  modify  the  process  of  nutrition, 
most  affect  the  relations  of  neighbotiring  parts  to  surround- 
ing diffused  actions ;  that  is,  must  initiate  a  changed  inci- 
dence of  forces  tending  ever  to  produce  changed  structural 
anangements. 

Vol.  IL  10 
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exposed  them,  have  mTolyed  Taiiations  in  the  process  of 
solidification. 

§  259.  Of  course  the  foregoing  synthesis  is  to  be  taken 
simply  as  an  adumbration  of  the  process  by  which  the  yert^ 
brate  structure  may  have  arisen  through  the  continued  actions 
of  known  agencies.  The  motive  for  attempting  it  has  been 
two-fold.  Having,  as  before  said,  given  reasons  for  con- 
cluding that  the  segments  of  a  vertebrate  animal  are  not 
homologous  in  the  same  sense  as  those  of  an  annulose  animal 
or  a  phxnogamic  axis,  it  seemed  needful  to  do  something 
towards  showing  how  they  are  otherwise  to  be  accounted  for ; 
and  having  here,  for  our  general  subject,  the  likenesses  and 
differences  among  the  parts  of  organisms,  as  determined  by 
incident  forces,  it  seemed  out  of  the  question  to  pass  by  the 
problem  presented  by  the  vertebrate  skeleton. 

Leaving  out  all  that  is  hypothetical^  the  general  argument 
may  be  briefly  presented  thus:-— The  evolution  from  the 
simplest  known  vertebrate  animal,  of  a  powerful  and  active 
vertebrate  animal,  implies  the  development  of  a  stronger 
internal  fulcrum.  The  internal  fulcrum  cannot  be  made 
stronger  without  becoming  more  dense.  And  it  cannot  be- 
come more  dense  while  retaining  its  lateral  flexibility,  with- 
out becoming  divided  into  segments.  Further,  in  conformity 
with  the  general  principles  thus  far  traced,  these  segments 
must  be  alike  in  proportion  as  the  forces  to  which  they  are 
exposed  are  alike,  and  unlike  in  proportion  as  these  forces 
are  imlike ;  and  so  there  necessarily  results  that  unity  in 
variety  by  which  the  vertebral  column  is  from  the  beginning 
characterized.  Once  more,  we  see  that  the  explanation  ex- 
tends to  those  innumerable  and  more-marked  divergences 
from  homogeneity,  which  vertebne  undergo  in  the  various 
higher  animals.  Thus,  the  production  of  vertebne,  the  pro- 
duction of  likenesses  among  vertebrte,  and  the  production  of 
unlikenesses  among  vertebrsD,  are  interpretable  as  parts  of 
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ae  general  process,  and  as  liannonizing  with  one  general 
rinciple. 

TTliether  sufficient  or  insufficient,  the  explanation  here 
iron  assigns  causes  of  known  kinds  producing  effects  such 
3  they  are  known  to  produce.  It  does  not,  as  a  solution  of 
ae  mystery,  offer  another  mystery  of  which  no  solution  is 
)  be  asked.  It  does  not  allege  a  Platonic  Ihia,  or  fictitious 
itity,  which  explains  the  vertebrate  skeleton  by  absorbing 
ito  itself  aU  the  inexplicabihty.  On  the  contrary,  it  assumes 
othing  beyond  agencies  by  which  structures  in  general  are 
loulded — ^agencies  by  which  these  particular  structures  are, 
ideed,  notoriously  modifiable.  An  ascertained  cause  of 
}rtain  traits  in  vertebra)  and  other  bones,  it  extends  to  all 
;her  traits  of  vertebroe;  and  at  the  time  assimilates  the 
.orphological  phenomena  they  present  to  much  wider  classes 
:  morphological  phenomena. 


PART  T. 
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the  eyidence  furnished  by  Histology;  nor,  indeed,  w6vl 
further  examination  of  this  eyidence  be  likely  to  yield  di 
finite  results.  In  the  coses  given  above  we  have  marke 
differences  among  the  incident  forces ;  and  therefore  have 
chance  of  finding,  as  we  do  find,  relations  between  these  an 
differences  of  form.  But  the  cells  composing  masses  < 
tissue  are  seyerolly  subject  to  forces  that  are  indeterminate 
and  therefore  the  interpretation  of  their  shapes  is  imprac 
ticable.  It  must  suffice  that  so  fSur  as  the  facts  go  they  ar 
congruous  with  the  hypothesis. 


CHAPTER  XVn. 

SUMMARY  OF  MORPHOLOGICAL  DEVELOPMENT. 

%  262.  Thjlt  any  formula  should  be  capable  of  expressing 
a  common  character  in  the  shapes  of  things  so  unlike  as  a 
tree  and  a  cow,  a  flower  and  a  centipede,  is  a  remarkable 
fact ;  and  is  a  fact  which  affords  strong  prima  facie  evidence 
of  truth.  For  in  proportion  to  the  diversity  and  multiplicity 
of  the  cases  to  which  any  statement  appUes,  is  the  probability 
that  it  sets  forth  the  essential  relations.  Those  connexions 
which  remain  constant  under  all  varieties  of  manifestation, 
are  most  likely  to  be  the  causal  connexions. 

Still  higher  will  appear  the  likelihood  of  an  alleged  law  of 
organic  form  possessing  so  great  a  comprehensiyenessi  when 
we  remember  that  on  the  hypothesis  of  Evolution,  there  must 
exist  between  all  organisms  and  their  environments,  certain 
oongroities  expressible  in  terms  of  their  actions  and  reac- 
tions. The  forces  bfeing,  on  this  hypothesis,  the  causes  of  the 
forms,  it  is  inferable,  a  priori,  that  the  forms  must  admit  of 
generalization  in  terms  of  the  forces;  and  hence,  such  a 
generalization  arrived  at  d  paaieriori,  gains  the  further  pro- 
bability due  to  fulfilment  of  anticipation. 

Nearer  yet  to  certainty  seems  the  conclusion  thus  reached, 
on  finding  that  it  does  but  assert  in  their  special  manifesta- 
tions, the  laws  of  Evolution  in  general — ^the  laws  of  that  uni- 
versalre-distributionof  matter  and  motion  which  hold  through- 
out the  totality  of  things,  as  well  as  in  each  of  its  parts. 
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It  will  be  useful  to  glance  bock  over  the  various  minor 
inferences  arrived  at,  and  contemplate  them  in  their  ensem- 
ble from  these  higher  points  of  view. 

§  263.  That  process  of  integration  which  every  plant  dis- 
plays during  its  life,  wo  found  reason  to  think  has  gone  on 
during  the  life  of  the  vegetal  kingdom  as  a  whole.  Proto- 
plasm into  cells,  cells  into  folia,  folia  into  axes,  axes  into 
branched  combinations — such,  in  brief,  are  the  stages  passed 
through  by  every  shrub ;  and  such  appear  to  have  been  the 
stages  through  which  plants  of  successively-higher  kinds 
have  been  evolved  from  lower  kinds.  Even  among  certain 
groups  of  plants  now  existing,  we  find  aggregates  of  the  first 
order  passing  through  various  gradations  into  aggregates  of 
the  second  order — ^here  forming  small,  incoherent,  indefinite 
assemblages,  and  there  forming  large,  definite,  coherent 
fronds.  Similar  transitions  are  traceable  through  which 
these  integrated  aggregates  of  the  second  order  pass  into 
Aggrog^^  of  the  third  order :  in  one  species  the  unions  of 
parent-fronds  with  the  fronds  that  bud  out  from  them,  being 
temporary,  and  in  another  species  such  imions  being  longer 
continued;  until,  in  species  still  higher,  by  a  genmiation 
that  is  habitual  and  regular,  there  is  produced  a  definitely- 
integrated  aggregate  of  the  third  order-*<m  axis  bearing 
frondi  or  leaves.  And  even  between  this  type  and  a  type 
further  compoimded,  a  link  occurs  in  the  plants  which  cast 
off,  in  the  shape  of  bulbils,  some  of  the  young  axes  they 
produce.  As  among  plants,  so  among  animals.    A 

like  spontaneous  fission  of  ceUs  ends  here  in  separation,  there 
in  partial  aggregation,  while  elsewhere,  by  closer  combina- 
tion of  the  multiplying  units,  there  arises  a  coherent  and 
tolerably  definite  individual  of  the  second  order.  By  the 
budding  of  individuals  of  the  second  order,  there  are  in  some 
cases  produced  other  separate  individuals  like  them ;  in  some 
cases  temporary  aggregates  of  such  like  individuals ;  and  in 
other  cases  permanent  aggregates  of  them :  certain  of  which 
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become  so  definitely  integrated  that  the  individualities  of 
their  component  members  are  almost  lost  in  a  tertiary  indi- 
viduality. 

Along  with  this  progressive  integration  there  has  gono  on 
a  progressive  differentiation.  Vegetal  units  of  \rhatovcr 
order,  originally  homogeneous,  have  become  heterogeneous 
whUe  they  have  become  united.  Spherical  ccUs  aggregating 
into  threads,  into  laminoQ,  into  masses,  and  into  special  tis« 
sues,  lose  tlieir  sphericity;  and  instead  of  remaining  nil 
alike  ossimie  innxmierable  imlikenesses — ^from  uniformity  puss 
into  multiformity.  Fronds  combining  to  form  axes,  severally 
acquire  definite  differences  between  their  attached  ends  and 
their  free  ends ;  while  they  also  diverge  from  one  another 
in  their  shapes  at  different  parts  of  the  axes  they  compose. 
And  axes,  uniting  into  aggregates  of  a  still  higher  order,  be- 
come more  or  less  contrasted  in  their  sizes,  curvatures,  and 
arrangements  of  their  appendages.  Similarly  among 

animals.  Those  components  of  them  which,  with  a  certain 
license,  we  class  as  morphological  units,  while  losing  their 
minor  individualities  in  the  major  individualities  formed  of 
them,  grow  definitely  unlike  as  they  grow  definitely  com- 
bined. And  where  the  aggregates  so  produced  become,  by 
coalescence,  segments  of  aggregates  of  a  still  higher  order, 
they,  too,  dive^;e  from  one  another  in  their  shapes. 

The  morphological  differentiation  which  thus  goes  hand  in 
hand  with  morphological  integration,  is  clearly  what  the 
perpetually-complicating  conditions  would  lead  us  to  antici- 
pate. Every  addition  of  a  new  unit  to  an  aggregate  of  such 
units,  must  affect  the  circxmistances  of  the  other  units  in  all 
varieties  of  ways  and  degrees,  according  to  their  relative 
poationi^— must  alter  the  distribution  of  mechanical  strains 
throughout  the  mass,  must  modify  the  process  of  nutrition, 
must  affect  the  relations  of  neighbouring  parts  to  surround- 
ing diffused  actions ;  that  is,  must  initiate  a  changed  inci- 
dence of  forces  tending  ever  to  produce  changed  structural 
arrangements. 

Vol.  IL  10 
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§  264.  Tills  broad  statement  of  the  correspondence  be- 
tween  the  general  facts  of  Morphological  Development  and 
the  principles  of  Evolution  at  large,  may  be  reduced  to  state- 
ments of  a  much  more  specific  kind.  The  phenomena  of 
symmetry  and  unsymmetry  and  asymmetry,  which  we  have 
traced  out  among  organic  forms,  are  demonstrably  in  har- 
mony with  those  laws  of  the  rc-distributibn  of  matter  and 
motion  to  which  Evolution  conforms.  Besides  the  myriad- 
fold  illustrations  of  the  instability  of  the  homogeneous,  that 
are  afforded  by  these  aggregates  of  units  of  each  order,  which, 
at  first  alike,  lapse  gradually  into  unlikeness ;  and  besides 
the  myriad-fold  illustrations  of  the  multiplication  of  efiSscts, 
which  these  ever-complicating  differentiations  exhibit  to  us ; 
wo  have  also  myriad-fold  illustrations  of  the  definite  equal- 
ities and  inequalities  of  structures,  produced  by  definite 
equalities  and  inequalities  of  forces. 

The  proposition  arrived  at  when  dealing  with  the  causes 
of  Evolution,  '*  that  in  the  actions  and  reactions  of  force  and 
matter,  an  unlikeness  in  either  of  the  factors  necessitates  an 
unlikeness  in  the  effects ;  and  that  in  the  absence  of  unlike- 
ness in  either  of  the  factors  the  effects  must  be  alike  "  (Flrsl 
PrineipkSy  §  129),  is  the  general  formula  including  all 
these  particular  likenesses  and  unlikenesses  of  parts  which 
we  have  been  tracing.  For  have  we  not  everywhere  seen 
that  the  strongest  contrasts  are  between  the  parts  that  are 
most  contrasted  in  their  conditions ;  while  the  most  similar 
parts  are  those  most-similarly  conditioned  P  In  every  plant 
the  leading  difference  is  between  the  attached  end  and  the' 
free  end ;  in  every  branch  it  is  the  same ;  in  every  leaf  it  is 
the  same.  And  in  every  plant  the  leading  likenesses  are 
those  between  the  two  sides  of  the  branch,  the  two  sides  of 
the  leaf,  and  the  two  sides  of  the  flower,  where  these  parts 
are  two-sided  in  their  conditions ;  or  between  all  sides  of  the 
branch,  all  sides  of  the  leaf,  and  all  sides  of  the  flower,  where 
these  parts  are  similarly  conditioned  on  all  sides.  So,  too,  is 
it  with  animals  that  move  about.   Tlie  most  marked  contrasts 
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they  present  are  those  between  the  part  in  odrance  and  the 
part  behind,  and  between  the  upper  part  and  the  under  part ; 
while  there  ia  complete  correspondence  between  the  two 
sides.  Extemallj  the  likenesses  and  differences  among 
limbsy  and  intemallj  the  likenesses  and  differences  among 
vcrtebnci  are  expressible  in  terms  of  this  same  law. 

And  here,  indeed,  we  may  see  clearly  that  these  truths  are 
corollaries  from  that  ultimate  truth  to  which  all  phenomena 
of  Evolution  are  referable.  It  is  an  inevitable  deduction 
from  the  persistence  of  force,  that  organic  forms  which  ha>'e 
been  progressively  evolved  must  present  just  those  f\inda- 
mental  traits  of  form  which  we  find  them  present.  It  cannot 
but  be  that  during  the  intercourse  between  an  organism  and 
its  environment,  equal  forces  acting  under  equal  conditions 
must  produce  equal  effects ;  for  to  say  otherwise,  is,  by  im- 
plication, to  say  that  some  force  can  produce  more  or  less 
than  its  equivalent  effect,  which  is  to  deny  the  persistence  of 
force.  Hence  those  parts  of  an  organism  which  are,  by  its 
habits  of  life,  exposed  to  like  amounts  and  like  combinations 
of  actions  and  reactions,  must  develop  alike ;  while  unlike-  ^ 
nesses  of  development  must  as  imavoidably  follow  unlike- 
nesses  among  these  agencies.  And  this  being  so,  all  the 
specialities  of  symmetry  and  imsymmetry  and  asymmetry 
which  we  have  traced,  are  necessary  consequences. 


PART  T. 

PHYSIOLOGICAL    DETELOPMEITT. 


i 

I 


CHAPTER  T. 


THE   PROBLEMS  OF   PHTSIOLOGT. 

§  263.  The  questions  to  be  treated  under  the  abo\'o 
title  are  widely  different  from  those  which  it  ordinarily 
expresses.  We  have  no  alternative,  however,  but  to  use 
Physiology  in  a  sense  co«extensivo  with  that  in  which  wo 
have  used  Morphology.  We  must  here  consider  the  facts  of 
function  in  a  manner  parallel  to  that  in  which  we  have, 
in  tho  foregoing  Part,  considered  the  facts  of  structure. 
As,  hitherto,  we  have  concerned  ourselves  with  those  most 
general  phenomena  of  organic  form  which,  holding  irre- 
spective of  class  and  order  and  sub-kingdom,  illustrate  the 
processes  of  integration  and  differentiation  characterizing 
Evolution  in  general ;  so,  now,  we  have  to  concern  ourselves 
with  the  evidences  of  those  differentiations  and  integrations 
of  organic  functions  which  have  simultaneously  arisen,  and 
which  similarly  transcend  the  limits  of  zoological  and 
botanical  divisions.  How  heterogeneities  of  action  have 
progressed  along  with  heterogeneities  of  structure^that  is 
the  inquiry  before  us;  and  obviously,  in  pursuing  it,  all 
tho  specialities  with  which  Physiology  usuaUy  deals  can 
serve  us  only  as  materials. 

Before  entering  on  the  study  of  Morphological  Develop- 
ment, it  was  pointed  out  that  while  facts  of  structure  may 
be  empirically  generalized  apart  from  facts  of  function,  they 
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cannot  be  rationally  interpreted  apart ;  and  throughout  the 
foregoing  pages  this  truth  has  been  made  abundantly  mani- 
fest. Here  we  ore  obliged  to  recognize  the  inter-dependence 
etill  more  distinctly ;  for  the  phenomena  of  function  cannot 
even  be  conceired  without  direct  and  perpetual  consciousness 
of  the  phenomena  of  structure.  Though  the  subject-matter 
of  Physiology  i^  as  broadly  distinguished  from  the  subject- 
matter  of  Morphology  as  motion  is  from  matter;  yet,  just 
as  the  laws  of  motion  cannot  be  known  apart  from  some 
matter  moved,  so  there  can  be  no  knowledge  of  function 
without  a  knowledge  of  some  structure  as  performing  func- 
tion. 

Much  more  than  this  is  obvious.  The  study  of  functions, 
considered  from  our  present  point  of  view  as  arising  by 
Evolution,  must  be  carried  on  tnainlt/  by  the  study  of  the  cor- 
relative structures.  Doubtless,  by  experimenting  on  the  organ- 
isms that  are  growing  and  moving  around  us,  we  may 
ascertain  the  connexions  existing  among  certain  of  their 
actions,  while  we  have  little  or  no  knowledge  of  the  special 
parts  concerned  in  those  actions.  In  a  living  animal  that 
can  bo  conveniently  kept  under  observation,  we  may  learn 
the  way  in  which  conspicuous  functions  vary  together — how 
the  rate  of  a  man's  pulse  increases  with  the  amount  of 
muscular  exertion  he  is  undergoing;  or  how  a  horse's 
rapidity  of  breathing  is  in  part  dependent  on  his  speed. 
But  though  ob6er\'ations  of  this  order  are  indispensable— 
though  by  accumulation  and  comparison  of  such  obser- 
Tutions  we  learn  which  parts  perform  which  functions — 
though  such  observations^  prosecuted  so  as  to  disclose 
the  actions  of  all  parts  under  all  circumstances,  constitute, 
when  properly  generalized  and  co-ordinated,  what  is  com- 
monly understood  as  Physiology;  yet  such  observations 
help  us  but  a  little  way  towards  learning  how  functions 
came  to  be  established  and  specialized.  We  have  next  to 
no  power  of  tracing  up  the  genesis  of  a  function  considered 
purely  as  a   function — no    opportunity  of  observing   the 
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progressively-increasing  quantities  of  a  g:iyeii  action  that 
have  arisen  in  any  order  of  organisms.  In  nearly  all  cases 
we  are  able  only  to  establish  the  greater  growth  of  the  part 
which  we  have  found  performs  the  action,  and  to  infer  that 
greater  action  of  the  part  has  accompanied  greater  growth' 
of  it.  The  tracing  out  of  Physiological  Development,  then, 
becomes  substantially  a  tracing  oui  of  tho  development  of 
the  organs  by  which  the  functions  are  known  to  be  dis- 
charged— the  differentiation  and  integration  of  tho  functions 
being  presumed  to  have  progressed  hand  in  hand  with  tho 
differentiation  and  integration  of  the  organs.  Between  the 
inquiry  pursued  in  Part  lY,  and  the  inquiry  to  be  pui-sucd 
in  this  Part,  the  contrast  is  that,  in  the  first  place,  facts  of 
structure  are  now  to  be  used  to  interpret  facts  of  function, 
instead  of  conversely;  and,  in  the  second  place,  the  facts 
of  structure  to  be  so  used  are  not  those  of  conspicuous  shape 
so  much  as  those  of  minute  texture  ond  chemical  com- 
position. 

§  266.  The  problems  of  Physiology,  in  the  wide  senso 
above  described,  are,  like  the  problems  of  Morphology,  to  be 
considered  as  problems  to  which  answers  must  be  given  in 
terms  of  incident  forces.  On  the  hypothesis  of  Evolution 
these  specializations  of  tissues  and  accompanying  concen- 
trations of  functions,  must,  like  the  specializations  of  shape 
in  an  organism  and  its  component  divisions,  be  due  to  the 
actions  and  reactions  which  its  intercourse  with  the  environ- 
ment involves ;  and  the  task  before  us  is  to  explain  how  they 
are  wrought — ^how  they  are  to  be  comprehended  as  results 
of  such  actions  and  reactions. 

Or,  to  define  these  problems  still  more  specifically: — ^Those 
extremely  unstable  substances  which  compose  the  proto- 
pksm  of  which  organisms  are  mainly  built,  have  to  be 
traced  through  the  various  modifications  in  their  properties 
and  powers,  that  are  entailed  on  them  by  changes  of  relation  to 
agencies  of  all  kinds.  Those  organic  colloids  which  poss  from 
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liquid  to  solid  and  from  soluble  to  insoluble  on  the  slightest 
molecular  disturbance-^those  albumenoid  matters  which,  as 
we  see  in  clotted  blood  or  the  coagulable  lymph  that  is 
poured  out  on  abraded  surfaces  and  causes  adhesion  between 
inflamed  membranes,  assume  new  forms  with  the  greatest 
readiness,  are  to  hare  their  metamorphoses  studied  in  con- 
nexion with  the  influences  at  work.  Those  compounds  which, 
as  we  see  in  the  quickly-acquired  brownness  of  a  bitten 
apple  or  in  the  dark  stains  produced  by  the  milky  juice  of  a 
Dandelion,  immediately  begin  to  alter  when  the  surrounding 
actions  alter,  are  to  be  everywhere  considered  as  undergoing 
modifications  by  modified  conditions.  Organic  bodies,  con- 
sisting of  substances  that,  as  I  here  purposely  remind  the 
reader,  are  prone  beyond  all  others  to  change  when  the 
incident  forces  are  changed,  we  must  contemplate  as  in  all 
their  parts  difierently  changed  in  response  to  the  difiercnt 
changes  of  the  incident  forces.  And  then  we  have  to  re- 
gard  the  concomitant  differentiations  of  their  reactions  as 
being  concomitant  differentiations  of  their  functions. 

Here,  as  before,  we  must  take  into  account  two  classes 
of  factors.  TVe  have  to  bear  in  mind  the  inherited  results  of 
actions  to  which  antecedent  organisms  were  exposed,  and  to 
join  with  these  the  results  of  present  actions.  Each  organism 
is  to  be  considered  as  presenting  a  moving  equilibrium  of 
functions,  and  k  correlative  arrangement  of  structures, 
produced  by  the  aggregate  of  actions  and  reactions  that  have 
taken  place  between  all  ancestral  organisms  and  their  envi- 
ronments. The  tendency  in  each  organism  to  repeat  this 
adjusted  arrangement  of  functions  and  structures,  must  be 
regarded  as  from  time  to  time  interfered  with  by  actions  to 
which  its  inherited  equilibrium  is  not  adjusted — actions  to 
which,  therefore,  its  equilibrium  has  to  bo  re-adjusted.  And 
in  studying  physiological  development  we  have  in  all  cases 
to  contemplate  the  progressing  compromise  between  the  old 
and  the  new,  ending  in  a  restored  balance  or  adaptation. 

It  is  manifest  that  our  data  are  so  scanty  that  nothing 
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more  than  rerj  general  and  ^ipraxunote  xxx^enrtLLbis  i£ 
this  kind  are  poaBiMe.  If  the  hjpothesn  of  ETTtiiirii.  5ir»- 
niahes  «s  with  a  mde  conceptioa  of  the  w:^  ia  vo^:^  'ihi 
moie  eoaspioioaa  and  important  diferentratfnns  of  frriTmins 
have  arisen,  it  is  as  much  as  can  be  euipgctgd, 

{  267.  It  win  be  best,  for  breritj  and  desswem^  ^  itszl 
with  these  physiological  problems  as  we  deals  wiix  zzit 
morphological  ocea — to  carrj  on  the  indsctive  eoteaieis  su^ 
the  dfdnctJTS  xnterpretatzoa  hand-in-hand :  so  <il£gos:ir 
of  caeh  general  trath  before  possmg  to  the  nez:. 
aepazatelT  Teggcal  organisms  and  anfnial  oe^pjiLsns^ 
in  each  kingdcrm  eoojider: — first,  the  pajHrjIo^I^  -Ljf  tnn'i..^- 
tiofis  and  skc&xspazijbi^  changes  of  itnctare  th.is  xr.8r  b«i- 
twcea  ooter  tisaes  ar.^  inner  xlseye% ;  Ci»t,  :I:^»e  t^LiS  lt.^ 
between  diSereat  ports  of  the  outer  tisfruss ;  and,  izaZ^, 
those  that  arxae  between  ilSenat  parts  cf  the  fn.Ttfr  tlsBitsi. 
What  IitsLe  has  to  be  said  coceemfxsg  pcT«l^>u^.^/::iI  Ln^^s^zn^ 
tion  BBBt  eome  last.  F^sr  tz^?>i^^  in  Xrvf.ru f  x^  ICtt* 
pcclogacal  ETOiiitScfi,  we  ure  to  ss&sd j  t£r>M  pevsecwi  ^f 
integcOisa  by  wiScb.  nrgiz^  z.:r^z^^J»  are  i^.TsuA,  >i£.re 


CHAPTER  IT. 

DIFFERENTIATIONS    BETWEEN    THE     OUTER    AND     INNER 

TISSUES   OF    PLANTS. 

g  268.  The  simpleat  plant  presents  a  contrast  between  its 
peripheral  substance  and  its  central  substance.  In  each  pro* 
tophyte,  be  it  a  spherical  cell  or  a  branched  tube,  or  such 
a  more-specialized  form  as  a  Desmid,  a  marked  unlikeness 
exists  between  the  limiting  layer  and  that  which  it  limits. 
These  yegetal  aggregates  of  the  first  order  may  differ  widely 
from  one  another  in  the  natures  of  their  ^outcr  coats  and  in 
the  natures  of  their  contents.  As  in  a  Palmelia,  there  may 
exist  a  clothing  of  jelly ;  or,  as  in  Diatom,  the  walls  may 
take  the  form  of  silicious  yalres  variously  sculptured.  The 
contained  matter  may  be  here  green,  there  red,  and  in  other 
cases  brown  or  black.  But  amid  all  these  diversities  there  is 
this  one  uniformity  — a  strong  distinction  between  the  parts 
in  contact  with  the  environment  and  the  parts  not  in  con- 
tact with  the  environment. 

When  we  remember  that  this  trait  is  one  which  these 
simple  living  bodies  have  in  common  with  bodies  that  are  not 
living  —when  we  remember  that  each  inorganic  mass  even- 
tually has  its  outer  part  more  or  less  differentiated  from  ! 
its  inner  part,  here  by  oxidation,  there  by  drying,  and  else-  j 
where  by  the  actions  of  light,  of  moisture,  of  frost ;  we  can 
scarcely  resist  the  conclusion  that,  in  the  one  case  as  in  ' 
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tho  otliery  the  contrast  is  due  to  the  unlike  actions  to  which 
tho  parts  are  subject  Given  an  originally-homogonous 
portion  of  protopksm,  and  it  follows  from  the  general  laws 
of  Evolution  {Fini  Principka,  ^  109—115)  first,  that  it  must 
lose  its  homogeneity,  and,  second,  that  the  leading  dissimila- 
rities most  arise  between  the  parts  most-dissimilarly  con- 
ditioned— ^that  is,  between  the  outside  and  the  inside.  Tho 
exterior  must  bear  amounts  and  kinds  of  force  unlike  the 
amounts  and  kinds  which  the  interior  bears;  and  from 
the  persistence  of  force  it  follows  inevitably  that  unlike 
effects  must  be  wrought  on  them — they  must  be  differen- 
tiated. 

What    is    the  limit    towards    which   the  differentiation 
tends?    We  have  seen  that  the  re-distribution  of  matter 
and  motion  whence,    under    certain   conditions,    evolution 
results,  can  never  cease  until  equilibrium  is  reached — ^proxi- 
mately a  moving  equilibrium,  and  finally  a  complete  equi- 
librium {First  Principles,  §§  130—135).    Hence,  the  diffe- 
rentiation must  go  on  until  it  establishes  such  differences  in 
the  parts  as  shall  balance  the  differences  in  the  forces  acting 
on  them.     When  dealing  with  equilibration  in  general,  we 
saw  that  this  process  is  what  is  caUed  adaptation   {First 
Principles^  §  133) ;  and,  more  recently,  we  saw  that  by  it  the 
totality  of  functions  of  an  organism  is  brought  into  cor- 
respondence with  the  totality  of  actions  affecting  it  (§§150 
— 103).      Manifestly  in  this  case,  as  in  all  others,  either 
death  or  adjustment  must  eventually  result.    A  force  falling 
on  one  of  these  minute  aggregates  of  protoplasm,  must  ex- 
pend itself  in  working  its  equivalent  of  change.    If  this 
force  is  such  that  in  expending  itself  it  disturbs  beyond 
rectification  the  balance  of  the  organic  processes,  then  the 
Aggregate  is  disintegrated  or  decomposed*     But  if  it  docs 
not  overthrow  that  moving  equilibrium  constituting  the  life 
of  the  aggregate,  then  the  aggregate  continues  in  that  modi- 
fied form  produced  by  the  expenditure  of  the  force.    Thus, 
by  direct  equilibration,  continually  furthered  by  indirect 
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equilibratioiiy  there  most  arise  this  diatinction  between  the 
outer  part  adapted  to  meet  oater  forces,  and  the  inner  part 
adapted  to  meet  inner  forces.  And  their  respectiye  actions, 
08  thus  meeting  outer  and  inner  forces,  must  be  what  we  call 
their  respective  functions. 

§  269.  Aggregates  of  the  second  order  exhibit  parallel 
trails,  admitting  of  parallel  interpretations.  Integrated 
masses  of  cells  or  units  homologous  with  protophytes, 
habitually  show  us  contrasts  between  the  characters  of  the 
superficial  tissues  and  the  central  tissues.  Such  among  these 
aggregates  of  the  second  order  as  have  their  component  units 
arranged  into  threads  or  lamina},  single  or  double,  cannot,  of 
course,  furnish  contrasts  of  this  kind ;  for  all  their  units  are 
as  much  external  as  internal.  We  must  turn  to  the  more  or 
less  massive  forms. 

Of  these,  among  Fangi^  the  common  Puff-ball  is  a  good 
example — good  because  it  presents  this  fundamental  di&ren- 
tiation  but  little  complicated  bj  others.  In  it  we  have  a 
cortical  layer  of  cellular  tissue  obviously  unlike  the  mass  of 
cellular  tissue  which  it  incloses.  So  far  as  the  unlikeness 
between  external  and  internal  parts  is  concerned,  we  see  here 
a  relation  analogous  to  that  existing  in  the  simple  cell ;  and 
we  see  in  it  a  similar  meaning:  there  is  a  physiological 
differentiation  corresponding  to  the  difference  in  the  incidence 
of  forces. 

Under  various  forms  the  Algm  show  just  the  same  rela- 
tion. Where,  as  in  Codium  Bursa^  we  have  ramified  tubular 
cells  aggregated  into  a  hollow  globular  mass,  the  outer  and 
inner  surfaces  are  contrasted  both  in  colour  and  stmcture; 
though  the  tubules  composing  the  two  surfaces  are  con- 
tinuous with  one  another.  In  Rivularia^  again,  we  see  the 
like,  both  in  the  radial  arrangement  of  the  imbedded  threads 
and  in  the  difference  of  colour  between  the  exterior  of  the 
imbedding  jelly  and  its  interior.  The  more-developed  Algm 
of   all  kinds  repeat  the  antithesis.      In  branched  stems, 
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If  hen  thej  consist  of  mote  than  single  roirs  of  ccIU,  the 
outer  cells  become  onlike  the  inner,  us  shown  in  Fig.  35. 
Sach  types  as  ChryBfjmenia  rosea  show  us  this  unlikcncss 
very  conspicuously.  And  it  holds  eyen  with  ribbon-shaped 
fronds.  TTherever  one  of  these  is  composed  of  three,  four, 
or  more  layers,  as  in  Lamlnaria  and  Puficiaria,  the  cells  of 
the  external  layers  are  strongly  distinguished  from  thoso  of 
the  internal  layers,  both  by  their  comparative  smallncss  and 
by  their  deep  colour. 

§  270.  The  higher  plants  yariously  display  the  Itko 
fundamental  distinction  between  outer  and  inner  tissues. 
Each  leaf,  thin  as  it  is,  exemplifies  this  differentiation  of  the 
parts  immediately  in  contact  with  tho  environment  from  the 
parts  not  in  immediate  contact  with  the  environment.  Its 
cuticnlar  cells,  forming  a  protecting  envelope,  diverge  physi- 
cally and  chemically  from  the  contained  cells  of  parenchyma, 
which  carry  on  the  more  active  functions.  And  the  contrast 
may  be  observed  to  establish  itself  in  the  course  of  develop- 
ment. At  first  the  component  cells  of  the  leaf  are  all  alike ; 
and  this  unlikeness  between  the  cells  of  the  outer  ond  inner 
layers,  arises  simultaneously  with  the  rise  of  differences  in 
their  conditions— differences  that  have  acted  on  all  ancestral 
leaves  as  they  act  on  the  individual  leaf. 

An  unlikeness  more  marked  in  kind  but  similar  in  mean- 
ing,  exists  between  the  bark  of  every  branch  and  the  tissues 
it  dothea.  The  pluenogamie  axis,  especially  when  exogenous, 
is  cominonly  choracteriaed  by  an  outer  layer  difieriog  from 
the  inner  lavers  in  chancier  and  function,  as  it  diflers  from 
them  in  position.  Subject  as  this  outer  layer  is  to  the  un- 
mitigated actions  ot  Career  around — ^to  abrasions,  to  extremes 
of  heat  and  cold,  to  evaporation  and  soaking  with  water — its 
onita  cannot  cease  changing  until  they  are  in  equilibrium 
with  these  more  violent  actions,  and  have  acquired  fnoIe;uLir 
constitutions  more  stable  than  th^xe  of  the  inierior  cclU. 
That  is  to  say,  the  forces  which  differentliite  the  c^jriiaA  purt 
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from  the  rest  are  the  forces  which  It  has  to  resist,  and  from 
which  it  passively  protects  the  parts  within.  How 

clearly  this  heterogeneity  of  structure  and  function  is  conse- 
quent upon  intercourse  with  the  environmenti  every  tree 
and  shrub  shows.    The  young  shoots,  alike  of  annuals  and 
perennials,  are  quite  green  and  soft  at  their  extremities. 
Among  plants  of  short  lives,  there  is  usually  but  a  slight 
development  of  bark  :  such  traces  of  it  as  the  surface  of  the 
axis  acquires   being  seen  only  at  its  lowermost  or  oldest 
portion.     In  long-lived  plants,  however,  this  formation  of  a 
tough  opaque  coating  takes  place  more  rapidly ;  and  shows 
us  distinctly  the  connexion  between  the  degree  of  differentia* 
tion  and  the  length  of  exposure.    For,  in  a  growing  twig, 
we  see  that  the  bark,   invisible  at  the  bud,  thickens  by 
insensible  gradations  as  we  go  downwards  to  the  junction  of 
the  twig  with  the  branch ;  and  we  come  to  still  thicker  parts 
of  it  as  we  descend  along  the  branch  towards  the  main  stem. 
Moreover,  on  examining  main  stems  we  find  that  while  in 
some  trees  the  bark,  cracked  by  expansion  of  the  wood,  drops 
off  in  flakes,  leaving  exposed  patches  of  the  inner  tissue  which 
presently  become  green   and  finally  develop  new  cortical 
layers ;  in  other  trees  the  exfoliated  flakes  continue  adherent, 
and  in  the  course  of  years  form  a  rugged  fissured  coat :  so 
producing  a  still  more  marked  contrast  between  outside  and 
inside.  Of  course  the  establishment  of  this  he- 

terogeneity is  fui-thered  by  natural  selection,  which,  where  a  ' 
protective  covering  is  needed,  gives  an  advantage  to  those 
individuals  in  which  it  has  become  strongest.  But  that  this 
divergence  of  structure  commences  as  a  direct  adaptation,  is 
clearly  shown  by  other  facts  than  the  foregoing.  There  is 
the  fact  that  .many  of  the  plants  which  in  our  gardens 
develop  bark  with  considerable  rapidity,  do  not  develop  it 
with  the  same  rapidity  in  a  greenhouse.  And  there  is  the 
fact  that  plants  which,  in  some  climates,  have  their  stems 
covered  only  by  thin  semi-transparent  layers,  acquire  thick 
opaque  layers  when  taken  to  other  climates. 
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Just  noting,  for  the  aoke  of  completeness,  that  in  tho 
roots  of  the  higher  phmts  there  arises  a  contrast  between 
outer  and  inner  parts,  parallel  to  the  one  we  have  traced  in 
their  branches,  let  me  draw  attention  to  another  differentia- 
tion of  the  samo  ultimate  nature,  which  the  higher  plants 
exhibit  to  us — a  differentiation  which,  familiar  though  it  is, 
gains  a  new  meaning  by  association  with  those  named  above, 
and  makes  their  meaning  still  more  manifest.  I  refer  to  tho 
fact  that  when,  by  the  budding  of  axes  out  of  axes,  there 
is  produced  one  of  thoso  highly-compounded  Fhxnogams 
which  we  call  a  tree,  tho  central  part  of  the  aggregate  be- 
comes functionally  and  structurally  unlike  tho  peripheral 
part.  On  looking  into  a  largo  tree,  or  even  a  small  one 
that  has  thick  foliage,  like  the  Laurel,  we  see  that  tho  in- 
ternal branches  ore  almost  or  quite  bare  of  leaves,  whilo  the 
Icaf-clad  branches  form  an  external  stratum ;  and  all  our 
experience  unites  in  proving  that  this  contrast  arises  by 
degrees,  as  fast  as  the  growth  of  the  tree  entails  a  contrast  be- 
tween the  conditions  to  which  inner  and  outer  branches  aro 
exposed.  Now  when,  in  these  most-composite  aggregates, 
we  see  a  difibrentiation  between  peripheral  and  central  parts 
demonstrably  caused  by  a  difference  in  the  relations  of  these 
parts  to  environing  forces,  we  get  support  for  the  conclusion 
otherwise  reached,  that  there  is  a  parallel  cause  for  the  parallel 
differentiations  exhibited  by  all  aggregates' of  lower  orders — 
branches,  leaves,  cells. 

$  271.  Before  leaving  this  most  general  physiological 
differentiation,  it  may  be  well  to  say  something  respecting 
certain  secondary  unlikenesses  that  habitually  arise  be- 
tween interior  and  exterior.  For'  the  contrast  is  not,  as 
might  be  supposed  from  the  foregoing  descriptions,  a  simple 
contrast:  it  is  a  compound  contrast.  The  outer  stmctnre 
itself  is  usually  divisible  into  concentric  structures.  This 
is  equally  true  of  a  protophyte  and  of  a  phasnogamic  axis. 
Between  the  centre  of  an  independent  vegetal  cell  and  its 
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liquid  to  solid  and  from  soluble  to  insoluble  on  the  slightest 
molecular  disturbance—those  albumenoid  matters  which,  as 
ve  see  in  clotted  blood  or  the  coagulable  lymph  that  is 
poured  out  on  abraded  surfaces  and  causes  adhesion  between 
inflamed  membranes,  assume  new  forms  with  the  greatest 
readiness,  are  to  have  their  metamorphoses  studied  in  con- 
nexion with  the  influences  at  work.  Those  compounds  which, 
as  we  see  in  the  quickly-acquired  brownness  of  a  bitten 
apple  or  in  the  dark  stains  produced  by  the  milky  juice  of  a 
Dandelion,  immediately  begin  to  alter  when  the  surrounding 
actions  alter,  are  to  be  everywhere  considered  as  imdergoing 
modifications  by  modified  conditions.  Organic  bodies,  con- 
sisting of  substances  that,  as  I  here  purposely  remind  the 
reader,  are  prone  beyond  all  others  to  change  when  the 
incident  forces  are  changed,  we  must  contemplate  as  in  all 
their  parts  differently  changed  in  response  to  thedifiercnt 
changes  of  the  incident  forces.  And  then  we  have  to  re- 
gard the  concomitant  differentiations  of  their  reactions  as 
being  concomitant  differentiations  of  their  functions. 

Here,  as  before,  we  must  take  into  account  tw*o  classes 
of  factors.  We  have  to  bear  in  mind  the  inherited  results  of 
actions  to  which  antecedent  organisms  were  exposed,  and  to 
join  with  these  the  results  of  present  actions.  Each  organism 
is  to  be  considered  as  presenting  a  moving  equilibrium  of 
functions,  and  k  correlative  arrangement  of  structures, 
produced  by  the  aggregate  of  actions  and  reactions  that  have 
taken  place  between  all  ancestral  organisms  and  their  envi- 
ronments. The  tendency  in  each  organism  to  repeat  this 
adjusted  arrangement  of  functions  and  structures,  must  bo 
regarded  as  from  time  to  time  interfered  with  by  actions  to 
which  its  inherited  equilibrium  is  not  adjusted — actions  to 
which,  therefore,  its  equilibriam  has  to  be  re-adjusted.  And 
in  studjring  physiological  development  we  have  in  all  cases 
to  contemplate  the  progressing  compromise  between  the  old 
and  the  new,  ending  in  a  restored  balance  or  adaptation. 

It  is  manifest  that  our  data  are  so  scanty  that  nothing 
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more  than  very  general  and  approximate  interpretations  of 
this  kind  are  possible.  If  the  hypothesis  of  Evolution  fur- 
nishes us  with  a  rude  conoeption  of  the  way  in  which  the 
more  conspicuous  and  important  differentiations  of  functions 
have  arisen,  it  is  as  much  as  can  be  expected. 

S  267.  It  will  be  best,  for  brevity  and  clearness,  to  deal 
mth  these  physiological  problems  as  we  dealt  with  the 
morphological  ones — ^to  carry  on  the  inductive  statement  and 
the  deductive  interpretation  hand-in-hand :  so  disposing 
of  each  general  truth  before  passing  to  the  next.  Treatini^ 
separately  vegetal  organisms  and  animal  organisms,  we  will 
in  each  kingdom  consider: — ^first,  the  physiological  differentia- 
tions and  accompanying  changes  of  structure  that  arise  be- 
tween outer  tissues  and  inner  tissues ;  next,  those  that  arise 
between  different  parts  of  the  outer  tissues ;  and,  finally, 
those  that  arise  between  different  parts  of  the  inner  tissues. 
What  little  has  to  be  said  concerning  physiological  integra- 
tion must  come  last.  For  though,  in  tracing  up  Mor- 
phological Evolution,  we  have  to  study  those  processes  of 
integration  by  which  organic  aggregates  are  formed,  before 
studying  the  differentiations  that  arise  among  their  parts ; 
we  must,  contrariwise,  in  tracing  up  Physiological  Evolution, 
study  the  genesis  of  the  different  functions  before  we  study 
the  inter-dependence  that  eventually  arises  among  them  and 
constitutes  physiological  unity. 


CHAPTER  II. 

DIFFERENTIATIONS    BETWEEN    THE     OUTER    AND     INNER 

TISSUES   OF    PLANTS. 

§  268.  The  simpleat  plant  presents  a  contrast  between  its 
peripheral  substance  and  its  central  substance.  In  each  pro- 
tophyte,  be  it  a  spherical  cell  or  a  branched  tube,  or  such 
a  more-specialized  form  as  a  Desmid,  a  marked  nnlikeness 
exists  between  the  limiting  layer  and  that  which  it  limits. 
These  yegetal  aggregates  of  the  first  order  may  differ  widely 
from  one  another  in  the  natores  of  their  Wtcr  coats  and  in 
the  natures  of  their  contents.  As  in  a  Falmella^  there  may 
exist  a  clothing  of  jelly ;  or,  as  in  Diatom,  the  walla  may 
take  the  form  of  silicioas  valves  variously  sculptured.  The 
contained  matter  may  be  here  green,  there  red,  and  in  other 
cases  brown  or  black.  But  amid  all  these  diversities  there  is 
this  one  uniformity  — a  strong  distinction  between  the  parts 
in  contact  with  the  environment  and  the  parts  not  in  con- 
tact with  the  environment. 

When  we  remember  that  this  trait  is  one  which  these 
simple  living  bodies  have  in  common  with  bodies  that  are  not 
living  — when  we  remember  that  each  inorganic  mass  even- 
tually has  its  outer  part  more  or  less  differentiated  from 
its  inner  part,  here  by  oxidation,  there  by  drying,  and  else- 
where by  the  actions  of  light,  of  moisture,  of  frost ;  we  can 
scarcely  resist  the  conclusion  that,  in  the  one  case  as  in 
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the  other,  the  contrast  13  due  to  the  unlike  actions  to  which 
the  parts  are  subject.  Given  an  originally-homogenous 
portion  of  protopksm,  and  it  follows  from  the  general  laws 
of  Evolution  (First  Principles,  §|  109—115)  first,  that  it  must 
lose  its  homogeneity,  and,  second,  that  the  leading  dissimila- 
rities must  arise  between  the  parts  most-dissimilarly  con- 
ditioned— that  is,  between  the  outside  and  the  inside.  Tho 
exterior  must  bear  amounts  and  kinds  of  force  imlike  the 
amounts  and  kinds  which  the  interior  bears;  and  from 
the  persistence  of  force  it  follows  inevitably  that  unlike 
c£Eects  must  be  wrought  on  them—they  must  be  differen- 
tiated. 

What  is  the  limit  towards  which  the  differentiation 
tends?  We  have  seen  that  the  re-distribution  of  matter 
and  motion  whence,  under  certain  conditions,  evolution 
results,  can  never  cease  until  equilibrium  is  reached — ^proxi- 
mately a  moving  equiUbrium,  and  finally  a  complete  equi- 
librium {First  Principles,  §§  130—135).  Hence,  the  diffe- 
rentiation must  go  on  until  it  establishes  such  differences  in 
the  parts  as  shall  balance  the  differences  in  the  forces  acting 
on  them.  When  dealing  with  equilibration  in  general,  we 
saw  that  this  process  is  what  is  called  adaptation  {First 
Principles,  §  133)  ;  and,  more  recently,  we  saw  that  by  it  the 
totality  of  functions  of  an  organism  is  brought  into  cor- 
respondence with  the  totality  of  actions  affecting  it  (§§150 
— 163).  Manifestly  in  this  case,  as  in  all  others,  either 
death  or  adjustment  must  eventually  result.  A  force  falling 
on  one  of  these  minute  aggregates  of  protoplasm,  must  ex- 
pend itself  in  working .  its  equivalent  of  change.  If  this 
force  is  such  that  in  expending  itself  it  disturbs  beyond 
rectification  the  balance  of  the  organic  processes,  then  the 
aggi^g^te  is  disintegrated  or  decomposed.  But  if  it  docs 
not  overthrow  that  moving  equilibrium  constituting  the  life 
of  the  aggregate,  then  the  aggregate  continues  in  that  modi- 
fied form  produced  by  the  expenditure  of  the  force.  Thus, 
by  direct  equilibration,  continually  furthered  by  indirect 
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equilibration,  there  roust  arise  this  distinctioii  between  the 
outer  part  adapted  to  meet  outer  forces,  and  the  inner  part 
adapted  to  meet  inner  forces.  And  their  respective  actions, 
as  thus  meeting  outer  and  inner  forces,  must  be  what  we  call 
their  respective  functions. 

§  269.  Aggregates  of  the  second  order  exhibit  parallel 
trails,  admitting  of  parallel  interpretations.  Integrated 
masses  of  cells  or  units  homologous  with  protophytes, 
habitually  show  us  contrasts  between  the  characters  of  the 
superficial  tissues  and  the  central  tissues.  Such  among  these 
aggregates  of  the  second  order  as  have  their  component  units 
arranged  into  threads  or  laminso,  single  or  double,  cannot,  of 
course,  furnish  contrasts  of  this  kind ;  for  all  their  units  are 
as  much  external  as  internal.  We  must  turn  to  the  more  or 
less  massive  forms. 

Of  these,  among  Fangi^  the  common  Puff-ball  is  a  good 
example — good  because  it  presents  this  fundamental  di£feren« 
tiation  but  little  complicated  by  others.  In  it  we  have  a 
cortical  layer  of  cellular  dssue  obviously  unlike  the  mass  of 
cellular  tissue  which  it  indoees.  So  far  as  the  unlikeness 
between  external  and  internal  parts  is  concerned,  we  see  here 
a  relation  analogous  to  that  existing  in  the  simple  cell ;  and 
we  see  in  it  a  similar  meaning:  there  is  a  physiological 
differentiation  corresponding  to  the  difference  in  the  incidence 
of  forces. 

Under  various  forms  the  Algm  show  just  the  same  rela- 
tion. Where,  as  in  Codium  Buraa^  we  have  ramified  tubular 
cells  aggregated  into  a  hollow  globular  mass,  the  outer  and 
inner  surfaces  are  contrasted  both  in  colour  and  structure ; 
though  the  tubules  composing  the  two  surfaces  are  con- 
tinuous with  one  another.  In  Sivuiariaf  again,  we  see  the 
lilce,  both  in  the  radial  arrangement  of  the  imbedded  tbreada 
and  in  the  difference  of  colour  between  the  exterior  of  the 
imbedding  jelly  and  its  interior.  The  more-developed  Afgm 
of   all  kinds  repeat  the  antithesis.      In  branched  stems, 
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when  they  consist  of  more  than  single  rovrs  of  cells,  the 
outer  cells  become  unlike  the  inner,  us  shown  in  Fig.  35. 
Such  types  as  Chrysymenia  rosea  show  us  this  unlikencss 
Tcry  conspicuously.  And  it  holds  even  wilh  ribbon-shaped 
fronds.  Wherever  one  of  these  is  composed  of  three,  fbur, 
or  more  layers,  as  in  Laminana  and  Pnneiaria,  the  cells  of 
the  external  layers  are  strongly  distinguished  from  those  of 
the  internal  layers,  both  by  their  comparative  smallness  and 
by  their  deep  colour. 

§  270.  The  higher  pbnts  variously  display  the  liko 
fundamental  distinction  between  outer  and  inner  tissues. 
Each  leaf,  thin  as  it  is,  exemplifies  this  differentiation  of  tho 
parts  immediately  in  contact  with  tho  environment  from  tho 
parts  not  in  immediate  contact  with  the  environment.  Its 
cuticular  cells,  forming  a  protecting  envelope,  diverge  physi- 
cally and  chemically  from  the  contained  ceUs  of  parenchyma, 
which  carry  on  the  more  active  functions.  And  the  contrast 
may  be  observed  to  establish  itself  in  the  course  of  develop- 
ment At  first  the  component  ceUs  of  the  leaf  are  all  alike ; 
and  this  unlikeness  between  the  ceUs  of  the  outer  and  inner 
layers,  arises  simultaneously  with  the  rise  of  differences  in 
their  conditions— differences  that  have  acted  on  all  ancestral 
leaves  as  they  act  on  the  individual  leaf. 

An  tmlikeness  more  marked  in  kind  but  similar  in  mean- 
ing, exists  between  the  bark  of  every  branch  and  the  tissues 
it  clothes.  The  phsenogamic  axis,  especially  when  exogenous, 
is  commonly  characteriied  by  an  outer  layer  differing  from 
the  inner  lavers  in  character  and  function,  as  it  differs  from 
them  in  position.  Subject  as  this  outer  layer  is  to  the  un- 
mitigated actions  of  forces  around — to  abrasions,  to  extremes 
of  heat  and  cold,  to  evaporation  and  soaking  with  water — its 
units  cannot  cease  changing  until  they  are  in  equilibrium 
with  these  more  violent  actions,  and  have  acquired  molecular 
constitutions  more  stable  than  those  of  the  interior  cells. 
That  is  to  say,  the  forces  which  differentiate  tho  cortical  part 
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from  the  rest  are  the  forces  which  it  has  to  resist^  and  from 
which  it  passively  protects  the  parts  within.  How 

clearly  this  heterogeneity  of  structure  and  function  is  conse- 
quent upon  intercourse  with  the  environment^  every  trco 
aud  shrub  shows.    The  young  shoots,  alike  of  annuals  and 
perennials,  aro  quite  green  and  soft  at  their  extremities. 
Among  plants  of  short  lives,  there  is  usually  but  a  slight 
development  of  bark  :  such  traces  of  it  as  the  surface  of  the 
axis  acquires   being  seen  only  at  its  lowermost  or  oldest 
portion.     In  long-lived  plants,  however,  this  formation  of  a 
tough  opaque  coating  takes  place  more  rapidly ;  and  shows 
us  distinctly  the  connexion  between  the  degree  of  differentia- 
tion  and  the  length  of  exposure.    For,  in  a  growing  twig, 
wo  see  that  the  bark,   invisible  at  the  bud,  thickens  by 
insensible  gradations  as  we  go  downwards  to  the  junction  of 
the  twig  with  the  branch ;  and  we  come  to  still  thicker  parts 
of  it  as  we  descend  along  the  branch  towards  the  main  stem. 
Moreover,  on  examining  main  stems  we  find  that  while  in 
some  trees  the  bark,  cracked  by  expansion  of  the  wood,  drops 
off  in  flakes,  leaving  exposed  patches  of  the  inner  tissue  which 
presently  become  green   and  finally  develop  new  cortical 
layers ;  in  other  trees  the  exfoliated  flakes  continue  adherent, 
and  in  the  course  of  years  form  a  rugged  fissured  coat :  so 
producing  a  still  more  marked  contrast  between  outside  and 
inside.  Of  course  the  establishment  of  this  he- 

terogeneity is  fui-thered  by  natural  selection,  which,  where  a  | 
protective  covering  is  needed,  gives  an  advantage  to  those 
individuals  in  which  it  has  become  strongest  But  that  this 
divergence  of  structure  conmiences  as  a  direct  adaptation,  is 
clearly  shown  by  other  facts  than  the  foregoing.  There  is 
the  fact  that  .many  of  the  plants  which  in  our  gardens 
develop  bark  with  considerable  rapidity,  do  not  develop  it 
with  the  same  rapidity  in  a  greenhouse.  And  there  is  the 
fact  that  plants  which,  in  some  climates,  have  their  stems 
covered  only  by  thin  semi-transparent  layers,  acquire  thick 
opaque  layers  when  token  to  other  climates. 
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Ju8t  noting,  for  the  sake  of  completeness,  that  in  tho 
loota  of  the  higher  phints  tliere  arises  a  contrast  between 
outer  and  inner  ports,  parallel  to  the  one  we  have  traced  in 
their  branches,  let  me  draw  attention  to  another  differentia- 
tion of  the  samo  ultimate  nature,  which  the  higher  plants 
exhibit  to  us — a  differentiation  which,  familiar  though  it  is, 
gains  a  new  meaning  by  association  with  those  named  above, 
and  makes  their  meaning  still  more  manifest.  I  refer  to  tho 
fact  that  when,  by  the  budding  of  axes  out  of  axes,  there 
is  produced  one  of  those  highly-compounded  Phxnogams 
which  we  call  a  tree,  the  central  part  of  the  aggregate  be* 
comes  functionally  and  structurally  imlike  tho  peripheral 
part.  On  looking  into  a  largo  tree,  or  even  a  small  one 
that  has  thick  foliage,  like  the  Laurel,  we  see  that  the  in- 
ternal branches  are  almost  or  quite  bare  of  leaves,  while  the 
Icaf-clad  branches  form  an  external  stratum;  and  all  our 
experience  unites  in  proving  that  this  contrast  arises  by 
degrees,  as  fast  as  the  growth  of  the  tree  entails  a  contrast  be- 
tween the  conditions  to  which  inner  and  outer  branches  are 
exposed.  Now  when,  in  these  most-composite  aggregates, 
we  see  a  differentiation  between  peripheral  and  central  parts 
demonstrably  caused  by  a  difference  in  the  relations  of  these 
parts  to  environing  forces,  we  get  support  for  the  conclusion 
otherwise  reached,  that  there  is  a  parallel  cause  for  the  parallel 
differentiations  exhibited  by  all  aggregates*  of  lower  orders — 
branches,  leaves,  cells. 

§  27  L  Before  leaving  this  most  general  physiological 
differentiation,  it  may  be  well  to  say  something  respecting 
certain  secondary  unlikenessea  that  habitually  arise  be* 
tween  interior  and  exterior.  Por*  the  contrast  is  not,  as 
might  be  supposed  from  the  foregoing  descriptions,  a  simple 
contrast:  it  is  a  compound  contrast.  The  outer  structure 
itself  is  usually  divisible  into  concentric  structures.  This 
is  equally  true  of  a  protophyte  and  of  a  phienogamic  axis. 
Between  the  centre  of  an  independent  vegetal  cell  and  its 
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surface,  tHere  are  at  least  two  layers ;  and  the  bark  coating 
the  substance  of  a  shoot,  besides  being  itself  compound, 
includes  another  tissue  lying  between  it  and  the  wood*  What 
is  the  physical  interpretation  of  these*  facts  P 

When  a  mass  of  what  we  distinguish  as  inert  matter  is 
exposed  to  external  agencies  capable  of  working  changes  in 
it — when  it  is  chemically  acted  upon,  or  when,  being  dry,  it 
is  allowed  to  soak,  or  when,  being  wet,  it  is  allowed  to  dry — 
the  changes  set  up  progress  in  an  equable  way  from  the 
surface  towards  the  centre.  At  any  time  during  the  process 
(supposing  no  other  action  supervenes)  the  modification 
wrought,  first  completed  at  the  outside,  either  gradually 
diminishes  as  we  approach  the  centre,  or  ceases  suddenly 
at  a  certain  distance  from  the  centre.  But  now  suppose  that 
the  mass,  instead  of  being  inert,  is  the  seat  of  active  changes 
— suppose  that  it  is  a  portion  of  complex  colloidal  substance, 
permeable  by  light  and  by  fluids  capable  of  affecting  its 
unstable  molecules — suppose  that  its  interior  is  a  source  of 
forces  continually  liberated  and  diffusing  themselves  out- 
wards. Is  it  not  likely  that  while  at  the  centre  the  action 
of  the  internally-liberated  forces  will  dominate,  and  while  at 
the  surface  the  action  of  the  environing  forces  wiU  dominate^ 
there  will  be  between  the  two  a  certain  place  at  which  their 
actions  balance  P  And  may  we  not  expect  that  this  will  be 
the  pkce  where  the  most  imstable  matter  exists — the  place 
outside  of  which  the  matter  becomes  relatively  stable  in  the 
face  of  external  forces,  and  inside  of  which  the  matter  be« 
comes  relatively  stable  in  the  face  of  internal  forces  P 

Be  this  or  be  this  not  the  explanation,  the  well-known  fact 
is  that  the  inner  wall  of  each  vegetal  cell  is  a  delicate  mem- 
brane, the  primordial  utricle,  composed  of  that  nitrogenous 
substance  specially  characterized  by  instability;  and  that 
outside  of  this  is  the  cellulose  layer,  and  inside  of  it  tho 
granular  colouring  matter.  And  the  similarly  well-known 
fact  is,  that  in  each  phicnogamic  axis  the  cambium  layer, 
which  shows  its  relative  instability  by  the  activity  of  the 
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langes  going  on  in  it,  lies  between  the  bark  and  the  moss 
*  tho  axis ;  and  is  the  place  from  which  the  di£ferentiation3 
.*oducing  these  proceed  in  opposite  directions. 
But  we  are  here  chiefly  concerned  with  the  more  general 
itorpretation,  which  is  independent  of  any  such  speculation 
» the  foregoing.  These  contrasted  tissues  and  the  contrasted 
motions  they  severally  perform  are,  beyond  question,  sub- 
rdinated  to  the  relations  of  outside  and  inside.  And  the 
ddence  makes  it  tolerably  clear  that  the  unlike  actions  of 
irces  involyed  by  the  relations  of  outside  and  inside,  deter* 
line  these  contrasts — partly  directly  and  partly  indirectly. 


r 


CHAPTER  ni. 


DIFFERENTIATIONS  AMONG  THE  OUTER  TISSUES  OF  PLANT 

§  272.  The  Proiococci  and  sucli  compound  forms  as  tl 
Voitox  giobator,  which  do  not  permanently  expose  any  par 
of  their  surfaces  to  actions  unlike  those  which  other  par 
are  exposed  to,  have  no  parts  of  their  surfaces  unlike  tl 
rest  in  function  and  composition.  This  is  what  the  hyp 
thesis  prepares  us  for.  If  physiological  differentiations  a: 
determined  by  differences  in  the  incidence  of  forces,  the 
there  will  be  no  such  differentiations  where  there  are  t 
such  differences.  Contrariwise,  it  is  to  bo  expected  that  U 
most  conspicuous  unlikcness  of  function  and  minute  structu: 
will  arise  between  the  most-dissimilarly  circumstanced  par 
of  the  surface.  We  find  that  they  do.  The  upper  end  and  tl 
lower  end,  or,  more  strictly  speaking,  the  free  end  and  tl 
attached  end,  habitually  present  the  strongest  physiologic 
.  contrasts.  I 

.  Even  aggregates  of  the  first  order  illustrate  this  truti 
Such  so-called  unicellular  plants  as  those  delineated  i 
Figs  4,  5.  and  6,  show  us,  on  comparing  the  contents  i 
their  fixed  ends  and  their  loose  ends,  that  different  process* 
are  going  on  in  them,  and  that  different  functions  ai 
being  performed  by  their  limiting  membranes.  Cauletj 
proli/erap  which  ''consists  of  a  little  creeping  stem  wit 
roots    below     and    leaves    above,"    originating    ''in   Ht 
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rowth  of  a  body  which  may  be  regarded  as  an  individual 
ill/'  supplies  a  still-better  example.  .  Among 

ggregates  of  the  second  order  the  liko  connexion  is 
isplayed  in  more  various  modes  but  with  equal,  con- 
!stency.  As,  before,  the  Puff-ball  served  to  exemplify  the 
rimury  physiological  differentiation  of  outer  parts  from 
iner  parts;  so,  here,  it  supplies  a  simple  illustration  of 
be  way  in  which  the  differentiated  outer  part  is  rc-dlf- 
3rcntiated,  in  correspondence  with  the  chief  contrast  in  its 
clations  to  the  environment.  The  only  marked  unlikeness 
/hich  the  cortical  layer  of  the  Puff-ball  presents,  is  that 
ctween  the  portion  next  the  ground  and  the  opposite  portion. 
*he  better-developed  Funyi  exhibit  a  more  decided  hetcro- 
-eneity  of  parallel  kind.  Such  incrusting  Aiga  as  Balfsia 
'eusia  furnish  a  kindred  contrast ;  and  in  the  higher  Algce 
t  is  uniformly  repeated.  Phsenogams  display 

his  physiological  differentiation  very  conspicuously.  That 
arth  and  air  are  unlike  portions  of  the  environment,  sub- 
ecting  roots  and  leaves  to  unlike  physical  forces,  which  entail 
•n  them  unlike  reactions ;  and  that  the  unlike  functions  and 
tmctures  of  their  respective  surfaces  are  fitted  to  these 
mlike  physical  forces ;  are  familiar  facts  which  it  would  bo 
teedless  here  to  name,  were  it  not  that  they  must  be  counted 
4  coming  within  a  wider  group  of  facts. 

Is  this  unlikeness  between  the  outer  tissues  of  the  attached 
inds  and  those  of  the  free  ends  in  plants,  determined  by 
.heip  converse  with  the  unlike  ports  of  the  environment  P 
rhat  they  result  from  an  equilibration  portly  arising  in 
.he  individual  and  partly  arising  by  the  survival  of  indivi- 
luuls  in  which  it  has  been  carried  furthest,  is  inferable 
I  priori;  and  this  d  priori  argument  may  be  adequately 
snforoed  by  arguments  of  the  inductive  order.  A  few 
Tpical  ones  must  here  suffice.  The  gemmulet 

)f  the  JIarehantia  are  little  disc-shaped  masses  of  cells 
x>mpooed  of  two  or  more  layers.  Their  sides  being  alike, 
;here  is  nothing  to  determine  which  side  falls  lowermost 
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when  one  of  them  is  detached.  Whichever  side  falls  ioire. 
most,  however,  presently  begins  to  send  out  rootlets,  while  tl 
uppermost  side  begins  to  assume  those  characters  whid 
distinguish  the  face  of  the  frond.  When  this  differentiatiol 
has  commenced,  the  tendency  to  its  complete  establishmoi 
becomes  more  and  more  decided;  as  is  prored  by  the  fai 
that  if  the  positions  of  the  surfaces  be  altered,  the  gemmu! 
bends  itself  so  as  to  re-odjust  them:  the  change  towarc 
equilibrium  with  environing  forces  having  been  once  set  u] 
there  is  acquired,  as  it  were,  an  increasing  momentimi  whic 
resists  any  counter-change.  But  the  evidence  shows  th: 
at  the  outset,  the  relations  to  earth  and  air  alone  dctei 
mine  the  differentiation  of  the  under  surface  from  th 
upper.  The  experiences  of  the  gardener,  multi 

plying  his  plants  by  cuttings  and  layers,  constitute  anothc 
class  of  evidences  not  to  be  omitted  :  they  are  commonpbc 
but.  instructive    examples  of   physiological  differentiatior 
While  circumstanced  as  it  usually  is,  the  cambium  of  eac 
branch  in  a  Phsenogam  continues  to  perform  its  ordinar 
function — transforming    itself   on    its  outer  side  into  th 
cortical  substances,  and  on  its  inner  side  into  vascular  an 
woody  tissue.    But  change  the  conditions  to  those  whic 
the  underground  part  of  the  plant  is  exposed  to,  and  thcr 
begins  another  differentiation  resulting  in  underground  struc 
tures.    Contact  with  water  often  suffices  alone  to  produc 
this  result,  as  in  the  branches  of  some  trees  when  they  droo; 
into  a  pool,  or  as  ocoasionally  with  a  cutting  placed  in 
bottle  of  water;  and  when  the  light  is  excluded  by  im 
bedding  the  end  of  the  cutting,  or  the  middle  of  the  still 
attached  branch,  in  the  earth,  this  production  of  tissue; 
adapted  to  the  function  of  absorbing  moisture  and  minora 
constituents  proceeds  still  more  readily.    With  such  case 
may  be  grouped  those  in  which  this  development  of  under 
ground  organs  by  an  above-ground  tissue,   is  not  excep 
tional  but   habituaL    Creeping   plants  furnish  good  illu» 
trations.    From  the  shoots  of  the  Ground-Ivy,  rootlets  an 
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pat  ont  into  the  soil  in  a  manner  differing  but  little  from 
that  in  which  they  are  put  out  by  an  imbedded  layer ;  sayo 
that  the  process  folloirs  natnrally-indacod  conditions  instead 
of  following  artificially-indaced  conditions.  But  in  tho 
common  Ivy  which,  instead  of  running  along  the  surface 
of  the  earthy  runs  up  inclined  or  vertical  surfaces,  we  see  the 
process  interestingly  modified  without  being  essentially 
changed.  The  rootlets,  here  differentiated  by  their  con« 
ditions  into  organs  of  attachment  much  more  than  organs  of 
absorption,  still  develop  on  that  side  of  the  shoot  next  the 
supporting  surface,  and  do  not  develop  where  the  shoot, 
growing  away  from  the  tree  or  wall,  is  surrounded  equally 
on  all  sides  by  light  and  air — ^thus  showing,  undeniably, 
that  the  production  of  the  rootlets  is  determined  by  the 
differential  incidence  of  forces.  That  greenness 

whidi  may  be  observed  in  these  Ivy-branch  rootlets  while 
they  are  quite  young,  soft,  and  unshaded,  introduces  us  to 
facts  which  are  the  converse  of  the  foregoing  fiicts ;  and  prove 
that  the  parts  ordinarily  imbedded  in  the  soil  and  adapted  to 
its  actions,  acquire,  often  in  a  very  marked  degree,  the  super* 
ficiol  structures  of  the  aerial  parts,  when  they  are  exposed  to 
light  and  air.  This  may  be  witnessed  in  Maize,  which,  when 
luxuriant,  sends  out  from  its  nodes  near  the  ground,  clusters 
of  roots  that  are  thick,  succulent,  and  of  the  same  colour  as 
the  leaves.  Examples  more  familiar  to  us  in  England,  occur 
in  every  field  of  Turnips.  On  noting  how  green  is  the  un- 
covered part  of  a  Turnip-root,  and  how  manifestly  the 
area  over  which  the  greenness  extends  yaries  with  the  area 
exposed  to  light,  as  well  as  with  the  degree  of  the  exposure, 
it  will  be  seen  that  beyond  question,  root-tissue  assumes 
to  a  considerable  extent  the  appearance  and  function  of 
leaf-tissoe,  when  subject  to  the  same  agencies.  Let  us  not 
forget,  too,  that  where  exposed  roots  do  not  approach  in 
superficial  character  towards  leaves,  they  approach  in 
■operfidal  character  towards  stems — ^becombg  clothed 
with  a  thick,  fissured  bark,  like  that  of  the  trunk  and 
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branches.  But  the  most  conclusivo  evidence  is 

furnished  by  the  actual  substitutions  of  surface-structares 
and  functions,  that  occur  in  aerial  organs  which  have  takcni 
to  growing  permanently  under  ground,  and  in  under-ground 
organs  which  have  taken  to  growing  permanently  in  the 
air.  On  the  one  hand,  there  is  the  rhizoma^  exemplified  by 
Ginger — a  stem  which,  instead  of  shooting  up  vertically, 
runs  horizontally  below  the  surface  of  the  soil,  and  assumes 
the  character  of  a  root,  alike  in  colour,  texture,  and 
production  of  rootlets ;  and  there  is  that  kind  of  swoUcn 
under-ground  axis,  bearing  axillary  buds,  which  the  Potato 
exemplifies — a  structure  which,  though  homologically  an 
axis,  simulates  a  tuberous  root  in  surface-character,  and 
when  exposed  to  the  air,  manifests  no  greater  readiness 
to  develop  chlorophyll  than  a  tuberous  root  does.  On  the 
other  hand,  there  are  the  aerial  roots  of  certain  Orchids, 
which,  habitually  green  at  their  tips,  continue  green 
throughout  their  whole  lengths  when  kept  moist;  which 
have  become  leaf-like  not  only  by  this  development  of 
chlorophyll,  but  also  by  the  acquirement  of  stomata;  and 
which  do  not  bury  themselves  in  the  soil  when  they  have 
the  opportimity.  Thus  we  have  aerial  organs  so  com- 
pletely changed  to  fit  under-ground  actions,  Uiat  they  will 
not  resume  aerial  functions ;  and  under-ground  organs  sa 
completely  changed  to  fit  aerial  actions,  that  they  will  not 
resume  under-ground  functions. 

That  the  physiological  differentiation  between  the  part  of 
a  plant's  surface  which  is  exposed  to  light  and  air  and  the 
part  which  is  exposed  to  darkness  and  moisture  and  solid 
matter,  is  primarily  due  to  the  unlike  actions  of  these 
unlike  parts  of  the  environment,  is,  then,  clearly  implied  by 
observed  facts — ^more  clearly,  indeed,  than  was  to  be  expected. 
Considering  how  strong  must  be  the  inherited  tendency 
of  a  plant  to  assume  those  special  characters,  physio- 
logical as  well  as  morphological,  which  have  resulted  liom 
an  enormous  accumulation  of  antecedent  actions,   it   may 
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be  even  thooglit  surprising  ihat  this  tendency  can 
be  countenicted  to  so  great  an  extent  by  changed  con- 
ditions. Such  a  degree  of  modifiability  becomes  compre- 
hensiMe,  only  when  we  xemember  how  little  a  plant's 
fimctions  are  integrated;  and  how  niuch»  therefore,  the 
fimctions  going  on  in  each  part  may  be  altered  without 
baring  to  overoome  the  momentum  of  the  functions  through- 
out  the  whole  plant.  But  this  modifiability  being  as  great 
as  it  is,  we  can  hare  no  difficulty  in  understanding  how,  by 
the  cumulative  aid  of  natural  selection,  this  primary  differen- 
tiation of  the  surface  in  plants  has  become  what  we  see  it. 

%  273.  We  will  leave  now  these  contrasts  between  the 
free  surfaces  of  plants  and  their  attached  or  imbedded 
surfaces,  and  turn  our  attention  to  the  secondary  contrasts 
Bxisting  between  different  parts  of  their  free  surfaces.  Were 
%  full  statement  of  the  eridence  practicable,  it  would  be 
proper  here  to  dwell  on  that  which  is  furnished  by  the 
inferior  classes.  It  might  be  pointed  out  in  detail  that 
where,  as  among  the  Algm^  the  free  surfaces  are  not  dis- 
umilarly  conditioned,  there  is  no  systematic  differentiation  of 
them — that  the  frond  of  an  277ra,  the  ribbon-shaped  divisions 
of  a  Laminaria,  and  the  dichotomous  expansions  of  the  Hid 
that  clothe  the  rocks  between  tide-marks,  ore  alike  on  both 
sides ;  because,  swayed  about  in  all  directions  as  they  are  by 
the  wayes  and  tides,  their  sides  are  equally  affected.  Con- 
versely, from  the  Fungi  might  be  drawn  abundant  proof  that 
^ven  among  Thallogens,  unlikenosses  arise  between  different 
parts  of  the  free  surfaces  when  their  circumstances  are  unlike 
*that  in  such  laterally-growing  kinds  as  are  shown  in  Fig. 
196  6,  the  honeycombed  under  surfSeuse  and  the  smooth 
.eathery  upper  surface,  haye  their  contrasts  related  to  con- 
trasted conditions;  and  that  in  the  adjacently-figured 
A^garics,  and  other  stalked  genera,  the  pUeus  exhibits  a 
parallel  difference,  explicable  in  a  parallel  way.    But  passing 

)ver  Cryptogams,   it  must  suffice  if  wc  examine  more  at 
Vou  n.  11 
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length  these  traits  as  they  are  displayed  by  Fhosnogams.  Let 
us  first  note  the  dissimilarities  between  the  outer  tissues  of 
stems  and  leares. 

That  these  dissimilarities  arose  by  degrees,  as  fast  as  the 
units  of  which  the  phffinogamic  axis  is  composed  became 
integrated,  is  a  conclusion  in  harmony  with  the  truth  thai  in 
every  shoot  of  every  plant,  they  are  at  first  slight  and  become 
gradually  marked.  Already,  in  briefly  tracing  the  contrasts 
between  the  outer  and  inner  tissues  of  plants,  some  ftcts 
have  been  named  showing,  by  implication,  how  the  cessa- 
tion of  the  leaf-function  in  axes  is  due  to  that  change  of 
conditions  entailed  by  the  discharge  of  other  functions.  Here 
wo  have  to  consider  more  closely  facts  of  this  class,  together 
with  others  immediately  to  the  point.  On  pulling 

off  from  a  stem  of  grass  tho  successive  sheaths  of  its  leaves, 
the  more-inclosed  parts  of  which  are  of  a  fainter  green  than 
the  outer  parts,  it  will  be  found  that  the  tubular  axis  even* 
tually  reached  is  of  a  still  fainter  green ;  but  when  the  axis 
eventually  shoots  up  into  a  flowering  stem,  its  exposed  part 
acquires  as  bright  a  green  as  the  leaves.  In  other  Endogens, 
the  leaf-sheaths  of  which  are  successively  burst  and  exfo- 
liated by  the  swelling  axis,  it  may  bo  observed  that  where 
the  dead  sheaths  do  not  much  obstruct  the  light  and  air, 
the  surface  of  the  axis  underneath  is  full  of  chloropbylL 
Dendrobium  is  an  example.  But  when  the  dead  sheaths 
accumulate  into  an  opaque  envelope,  the  chlorophyll  dis*^ 
appears,  and  also,  we  may  infer,  the  function  its  presence 
habitually  implies.  Carrying  with  us  this  evidence,  we  shaD 
recognize  a  like  relation  in  Exogens*  While  its  outer  layei 
remains  tolerably  transparent,  an  exogenous  stem  or  brancb 
continues  to  show,  by  the  formation  of  chlorophyll,  that  i\ 
shares  in  the  duties  of  the  leaves ;  but  in  proportion  as  c 
bark  which  the  light  cannot  penetrate  is  produced  by  the 
adherent  flakes  of  dead  skin,  or  by  the  actual  deposit  of  c 
protective  substance,  the  differentiation  of  duties  becomes 
more  decided.  Cactuses  and  Euphorbias  suppl} 
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US  with  conyerse  fiicta  having  the  same  implication.  The 
swollen  succulent  axes  so  strangely  combined  in  these  plants, 
maintain  for  a  long  time  the  transparency  of  their  outer 
layers ;  and  doing  this,  they  so  efficiently  perform  the  offices 
of  leayes  that  leaves  are  not  produced.  In  some  cases,  axes 
that  are  not  succulent  participate  largely  in  the  leaf-func- 
tion, or  entirely  usurp  it — still,  however,  by  fulfilling  the 
same  essential  conditions.  Occasionally,  as  in  Sfadce  bras- 
iicmplia,  stems  become  fringed ;  and  the  fringes  they  bear 
assume,  along  with  the  thinness  of  leaves,  their  darker  grecTi 
and  general  nspect.  In  the  genus  Huscus,  the  flattened  axis 
simulates  so  closely  the  leaf-structure,  that  were  it  not  for  tlio 
flower  borne  on  its  midrib,  or  edge,  its  axial  nature  would 
hardly  be  suspected.  And  let  us  not  omit  to  note  that  where 
axes  usurp  the  characters  of  leaves,  in  their  attitudes  as  well 
as  in  their  shapes  and  thickness,  there  exist  contrasts  between 
their  under  and  upper  surfaces,  answering  to  the  contrasts 
between  the  relations  of  these  surfaces  to  the  light.  Of  this 
Rusau  androgynm  furnishes  a  striking  example.  In  it  the 
difierence  which  the  unaided  eye  perceives  is  much  less  con- 
spicuous than  that  disclosed  by  the  microscope ;  for  I  find 
that  while  the  face  of  the  pseudo-leaf  has  no  stomata,  the  back 
is  abundantly  supplied  with  them.  One  more  illustration  must 
be  added.  .  Equally  for  the  morphological  and  physiological 
truths  which  it  enforces,  the  Coceoloba  plaiyeladon  is  one  of 
the  most  instructive  of  plants.  In  it  the  simulation  of  forms 
and  usurpation  of  functions,  are  carried  out  in  a  much  more 
marvellous  way  than  among  the  Cactacea.  Imagine  a  growth 
resembling  in  outline  a  very  long  willow-leaf,  but  without  a 
midrib,  and  having  its  two  surfaces  alike.  Imagine  that 
across  this  thin,  green,  semi-transparent  structure,  there  are 
from  ten  to  thirty  divisions,  which  prove  to  be  the  successive 
nodes  of  an  axis.  Imagine  that  along  the  edges  of  this 
leaf-shaped  aggregate  of  intemodes,  there  arise  axillary 
buds,  some  of  which  unfold  into  flowers,  and  others  of  which 
shoot  up  vertically  into  growths  like  the  one  which  bears 
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thciD.  Imagine  a  whole  plunt  thus  seemingly  composed  of 
jointed  willow-leayes  groifing  from  one  another's  edges^ 
and  some  conception  will  be  formed  of  the  Coecoloba.  The 
two  facts  which  have  meaning  for  us  here  are — first,  that  the 
performance  of  leaf-functions  by  these  axes  goes  along  with 
the  assumption  of  a  leaf-like  transluoency ;  and,  second, 
that  these  flattened  axes,  retaining  their  upright  attitudes, 
und  therefore  keeping  their  two  faces  similarly  conditioned, 
have  these  two  faces  alike  in  colour  and  texture. 

That  physiological  differentiation  of  the  surface  which 
arises  in  Phsenogams  between  axial  organs  and  foliar  organs, 
is  thus  traceable  with  tolerable  clearness  to  those  differences 
between  their  conditions  which  integration  has  entailed — 
partly  in  the  way  above  described,  and  partly  in  other  ways 
still  to  be  named.  By  its  relative  position,  as  being  shaded 
by  the  leaves,  the  axis  is  less-favourably  circumstanced  for 
performing  those  assimilative  actions  effected  by  the  aid  of 
light.  Further,  that  relatively-small  ratio  of  surface  to 
mass  in  the  axis,  which  is  necessitated  by  its  functions  as  a 
support  and  a  channel  for  circulation,  prevents  it  from  taking 
in,  with  the  same  facility  as  the  leaves,  those  surrounding 
gases  from  which  matter  is  to  be  assimilated.  Both  these 
special  causes,  however,  in  common  with  that  previously 
assigned,  fall  within  the  general  cause.  And  in  the  fact  that 
where  the  differential  conditions  do  not  exist,  the  physio- 
logical differentiation  does  not  arise,  or  is  obliterated,  wo 
have  clear  proof  that  it  is  determined  by  unlikenesses  in  the 
relations  of  the  ports  to  the  environment. 

§  274.  From  this  most  general  contrast  between  aerial 
surface-tissues — those  of  axes  and  those  of  folia — ^we  pass  now 
to  the  more  special  contrasts  of  like  kind  existing  in  folia 
themselves.  Leaves  present  us  with  superficial  differentia- 
tions of  structure  and  function  ;  and  we  have  to  consider  the 
relations  between  these  and  the  environing  forces. 

Over  the  whole  sui-face  of  every  phscnogamic  Ica^  as  over 
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tho  fronds  of  the  higher  Acrogens,  there  extends  a  simple  or 
compound  cuticular  layer,  formed  of  cells  that  are  dosely 
united  at  their  edges  and  deyoid  of  that  granular  colouring 
matter  contained  in  the  layers  of  cells  they  inclose:  the 
result  being  that  the  membrane  formed  of  them  is  compara- 
tively transparent.  On  the  submerged  leaves  of  aquatic 
FhflDnogamSy  this  outer  layer  is  thin,  delicate,  and  permeable 
by  water ;  but  on  leaves  exposed  to  the  air,  and  especially 
on  their  upper  surfaces,  it  is  comparatively  strong,  dense, 
often  smooth,  and  impermeable  by  water :  being  thus  fitted 
to  prevent  the  rapid  escape  of  the  contained  juices  by  evapo- 
ration.  Similarly,  while  the  leaves  of  terrestrial  plants  that  live 
in  temperate  climates,  usually  have  comparatively  thin  coats 
thus  composed,  in  climates  that  are  both  hot  and  dry,  leaves 
are  commonly  clothed  with  two,  three,  or  more  layers  of  such 
cells.  Nor  is  this  all.  The  outside  of  an  aerial  leaf  differs  from 
tliat  of  a  submerged  leaf  by  containing  a  deposit  of  waxy  sub- 
stance. Whether  this  be  exuded  by  the  exposed  surfaces 
of  the  cells,  as  some  contend,  or  whether  it  is  deposited  within 
the  cells,  as  thought  by  others,  matters  not  in  so  far  as  the 
general  result  is  concerned.  In  either  case  a  waterproof 
coating  is  formed  at  the  outermost  sides  of  these  outermost 
cells ;  and  in  many  cases  produces  that  polish  by  which  the 
upper  surface  of  the  leaf  is  more  or  less  distinguished  from 
the  under  surface.  This  external  pellicle  pre- 

sents  us  with  another  contrast  of  allied  meaning.  On  the 
upper  surfaces  of  leaves  subject  to  the  direct  action  of  the 
sun's  rays,  there  are  either  few  or  none  of  those  minute 
openings,  or  stomata,  through  which  gases  can  enter  or 
escape;  but  on  the  under  surfaces  these  stomata  are  abun- 
dant— a  distribution  which,  while  permitting  free  absorp- 
tion of  the  needful  carbonic  acid,  puts  a  check  on  the 
exit  of  watery  vapour.  Two  general  exceptions  to  this  ar- 
rangement may  be  noted.  Leaves  that  float  on  the  water 
have  all  their  stomata  on  their  upper  sides,  and  leaves  that  are 
submerge  have   no  stonuta — modifioitions  obviously  ap* 
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propriute  to  the  conditions.  TTIiut  is  to  be 

said  respecting  the  genesis  of  these  differentiations?  For 
the  last  there  seems  no  direct  cause :  its  cause  must  be  in- 
direct.  The  unlike  actions  to  which  the  upper  and  under 
surfaces  of  leaves  are  subject,  hare  no  apparent  tendency  to 
produce  unlikcness  in  the  number  of  their  breathing  holes. 
Ilere  the  natural  selection  of  spontaneous  yariations  furnishes 
the  only  feasible  explanation.  For  the  first,  however,  there 
is  a  possible  cause  in  the  immediate  actions  of  incident 
forces,  which  surriyal  of  the  fittest  continually  furthers.  Tlie 
substance  contained  in  the  cells  of  leaves  consists  portly 
of  wax  and  partly  of  chlorophyll.  According  to  Mulder, 
*'  there  is  a  genetic  connexion  between  the  production  of  wax 
and  that  of  the  green  colouring  matter  in  the  leaves ;"  ond 
he  alleges,  as  the  result  of  his  own  experiments  and  those  of 
Berzelius,  that  chlorophyll  '*  may  be  decomposed,  both  by 
oxidizing  and  de-oxidizing  substances,  so  as  to  become  colour- 
less at  last ;  and  that  wax  seems  to  be  producible  from  it  by 
de-oxidizing  actions.''  Now  the  superficial  cells  of  leaves 
are  more  exposed  to  the  de-oxidizing  influence  of  light  than 
the  inner  cells;  those  forming  the  upper  surface  are  more 
exposed  to  it  than  those  forming  the  under  surface;  and 
those  which  coat  leaves  in  hot  dry  climates  are  more  exposed 
to  it  than  those  by  which  leaves  in  temperate  climates  are 
coated.  May  it  not  be  that  the  action  of  light,  whence 
chlorophyll  results  as  a  transitional  compound  which  after- 
wards passes  into  a  colourless  compound,  is  an  action  directly 
tending  to  form  these  bleached  and  transparent  outer  layers ; 
and  directly  tending  to  produce  a  greater  thickness  of  such 
layers  in  proportion  as  it  is  intense  P  There  are  difficulties 
in  the  way  of  this  supposition  ;  for  I  learn  from  Dr.  Hooker 
that  some  of  the  Balanophorm,  which  grow  in  the  shade^  are 
very  full  of  wax.  As  these  are  parasites,  however,  and  absorb 
the  prepared  juices  of  other  plants,  the  comparison  i»  interfered 
with.  But  whatever  be  its  origin,  we  have  to  note  that  this 
waxy  substance  suspended  in  the  fluid  which  these  bleached 
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outer  cells  contain,  must  be  deposited  as  fust  as  the  fluid 
escapes.  Where  will  it  be  deposited?  The  fluid  exhaling 
through  the  walls  of  the  cells  next  the  air,  will  be  likely  to 
leave  behind  the  suspended  substance  attached  to  these  walls. 
On  remembering  the  pellicle  that  is  apt  to  form  on  thick 
solutions  or  emulsions  as  they  dry,  and  how  this  pellicle  as  it 
grows  retards  the  further  dr}4ng,  it  will  be  perceived  that 
the  deposit  of  waxy  substance  next  to  the  outer  surfaces  of 
the  cuticular  ceUs  in  leaves,  is  probably  initiated  by  tho 
evaporation  which  it  eventually  checks.  We  have  here, 
indeed,  a  very  simple  case  of  equilibration.  Whore  the  loss 
of  water  is  too  great,  this  waxy  pellicle  left  behind  by  tho 
escaping  water  will  protect  most  those  individuals  of  the 
species  in  which  it  is  thickest  or  densest ;  and  by  inheritcnco 
and  continual  survival  of  the  fittest,  there  will  be  established 
in  the  species  that  thickness  of  the  layer  which  brings  tho 
evaporation  to  a  balance  with  the  supply  of  water. 

Another  superficial  diflerentiation,  still  more  familiar,  has 
to  be  noted.  £very  child  soon  learns  to  distinguish  by  its 
colour  the  upper  side  of  a  leaf  from  its  under  side,  if  the  leaf 
is  one  that  has  grown  in  such  way  as  to  establish  the  rela- 
tions of  upper  and  under.  The  upper  surfaces  of  leaves  are 
habitually  of  a  deeper  green  than  the  under.  Microscopic 
examination  shows  that  this  deeper  green  results  from  the 
closer  clustering  of  those  parenchyma-cells  full  of  chlorophyll 
that  are  in  some  way  concerned  with  the  assimilative  actions; 
while  beneath  them  are  more  numerous  intercellular  passages 
communicating  with  those  openings  or  stomata  through  which 
is  absorbed  the  needful  air.  Now  when  it  is  remembered  that 
the  formation  of  chlorophyll  is  clearly  traceable  to  tho  action 
of  light — ^when  it  is  remembered  that  leaves  are  pale  where 
thoy  are  much  shaded  and  colourless  when  developed  in  the 
dark,  as  in  the  heart  of  a  Cabbage — when  it  is  remembered 
that  succulent  axes  and  petioles,  like  those  of  Sea-kole  and 
Celery,  remain  white  while  the  light  is  kept  from  them  and 
bocomo  green  when  exposed;  it  cannot  bo  questioned  that 


A 


246  PHYSIOLOGICAL  DEVKLOPMEKT. 

this  greater  production  of  chlorophyll  next  to  the  rxppsr 
Borfoce  of  a  leaf,  is  directly  consequent  on  the  greater 
amount  of  light  received.  Here,  as  in  so  many  other  cases, 
we  must  regard  the  differentiation  as  in  part  due  to  direct 
equilibration  and  ^in  part  to  indirect  equilibration.  Fa- 
miliar facts  compel  us  to  conclude  that  from  the  beginning, 
each  individual  foliar  organ  has  undergone  a  certain  im* 
mediate  adaptation  of  its  surfaces  to  the  incidence  of  light ; 
that  when  there  arose  a  mode  of  growth  which  exposed  the 
leaves  of  successive  generations  in  similar  ways,  this  im- 
mediately-produced adaptation,  ever  tending  to  be  transmitted, 
was  furthered  bv  the  survival  of  individuals  inheritin*;  it  in 
the  greatest  degree ;  and  that  so  there  was  gradually  esta- 
blished that  difference  between  the  two  surfaces  which  each 
leaf  displays  before  it  unfolds  to  the  light,  but  which  becomes 
more  marked  when  it  has  unfolded.* 

From  the  ordinary  cases  let  us  now  pass  to  the  exceptional 
cases.  We  will  look  first  at  those  in  which  the  two  faces  of 
the  leaves  differ  but  little,  or  not  at  all — their  circumstances 
being  similar  or  equal.  Leaves  that  grow  in  approximately- 
upright  attitudes,  and  attitudes  which  do  not  maintain  the 
relative  positions  of  the  two  surfaces  with  constancy,  may  be 
expected  to  display  an  unusual  likeness  between  the  two 
surfaces ;  and  among  them  we  see  it.  The  Grasses  may  be 
named  as  a  group  exemplifying  this  relation ;  and  if,  instead 
of  comparing  them  as  a  group  with  other  groups,  we  compare 

*  The  enrrmt  doctrine  that  ehkrophyU  is  Ou  special  sabstance  eoaecmed 
in  Tegetsl  asrimilstion,  either  as  an  agent  or  m  an  incidental  prodnet,  must 
be  taken  with  considexabla  qoalification.  Besidee  the  fact  that  among  the 
Alifot  there  are  many  red  and  black  kinds  which  thriTe ;  and  beiidea  the  (act 
that  among  the  lower  Acrogens  there  are  species  which  sre  pnrple  or  chocolate- 
coloored ;  there  ii  the  iaxX  that  PhMio^ans  srs  not  all  greeiL  We  haTS  tho 
Copper-Beech,  we  haye  the  black-purple  Colnu  YenAafeUH,  and  we  hare  tho 
red  variety  of  Cabbage,  which  seems  to  flonrish  ss  weU  ss  the  other  varieticiL 
Chlorophyll,  then,  most  be  regarded  simply  as  the  most  general  of  the  colour- 
ing matters  fonnd  in  those  parts  of  planta  in  which  aasimilation  ia  being  effected 
by  the  ag^cy  of  light. 
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those  dwarf  kinds  of  them  which  spread  out  their  leaves 
horiasontally,  with  the  large  aspiring  kinds,  such  as  Arundo^ 
we  trace  a  like  antithesis :  in  the  one  the  contrast  of  upper 
and  under  is  verj  obvious,  while  in  the  other  it  is  scarcely  to 
be  detected.  Leaves  of  various  other  Endogens  that  grow 
in  a  similar  way,  similarly  show  us  a  near  approach  to  xini- 
formity  of  the  two  surfaces;  as  instance  the  genus  Ciivia, 
and  the  thinner*leaved  kinds  of  Yucca.  Where  the  con- 
trast of  upper  and  under  is  greatly  diminished  by  the  as- 
sumption of  a  rounded  or  cylindrical  form  instead  of  a  flat- 
tened form,  the  same  thing  happens.  The  genus  Klcinia 
furnishes  illustrations.  It  may  be  remarked,  too,  that 
even  within  the  limits  of  this  genus  there  are  instructive 
variations ;  for  while  in  Kieinia  ficoiden  the  leaves,  shaped 
like  pea-pods,  are  broadest  in  a  vertical  direction,  and  have 
their  lateral  surfaces  alike  in  conditions  and  structure,  in 
other  species  the  leaves,  broader  horizontally  than  vertically, 
exhibit  unlikeness  between  the  upper  and  under  sides. 
Equally  to  the  point  is  the  evidence  furnished  by  vertically- 
growing  leaves  that  are  cylindrical,  as  those  of  Sanseviera 
cylindrical  or  as  those  of  the  Bush-tribe :  the  similarly-placed 
surface  has  all  around  a  similar  character.  Of 

kindred  meaning,  and  still  more  conclusive,  are  the  cases  in 
which  the  under  side  of  the  leaf,  being  more  exposed  to 
light  than  the  upper  side,  usurps  the  character  and  function 
of  the  upper  side.  If  a  common  Flag  be  palled  to  pieces, 
it  will  be  seen  that  what  answers  to  the  face  in  other 
leaves,  forms  merely  the  inside  of  the  sheath  including  the 
younger  leaves,  and  is  obliterated  higher  up.  The  two  sur- 
faces of  the  blade  answer  to  the  two  under  halves  of  a 
leaf  that  has  been,  as  it  were,  folded  together  lengthwiys, 
with  the  two  halves  of  its  upper  surface  in  contact.  And 
here,  in  default  of  an  upper  surface,  the  under  surface  acquires 
its  character  and  discharges  its  function.  A  like  substitution 
occurs  in  Wtlsenia  corymboaa;  and  there  are  some  of  the 
Orchids,  as  Lock/iariia,  which  display  it  in  a  very  obvious  way. 


2'18  FHYSIOLOGICAL  DKV£LOPM£KT. 

When  joined  with  the  foregoing  eridencey  the  evidenco 
ivhich  another  kind  of  substitution  supplies  is  of  great 
weight.  I  refer  to  that  which  occurs  in  the  Australian 
AcociaSy  already  instanced  as  throwing  light  on  morpho* 
logical  changes.  In  these  plants  the  leaves  properly  so  called 
are  undeveloped,  and  the  footstalks,  flattened  out  into  folia- 
ceous  shapes,  acquire  veins  and  midribs,  and  so  far  simulate 
leaves  as  ordinarily  to  be  taken  for  them — a  fact  in  itself  of 
much  physiological  significance.  But  that  which  it  concerns 
us  especially  to  note,  is  the  absence  of  distinction  between 
the  two  faces  of  these  phyllodcs,  as  they  are  named,  and  tho 
cause  of  its  absence.  These  transformed  petioles  do  not 
flatten  themselves  out  horizontally,  so  as  to  acquire  under 
and  upper  sides,  as  most  true  leaves  do;  but  they  flatten 
themselves  out  vertically:  the  result  being  that  their  two 
sides  are  similarly  circumstanced  with  respect  to  light  and 
other  agencies ;  and  there  is  consequently  nothing  to  cause 
their  difierentiation.  And  then  we  find  an  analogous  case 
where  dififerential  conditions  arise,  and  where  some  difieren- 
tiation results.  In  Oxaiis  bupleurifoUa^  Fig.  66,  there  is  a 
similar  flattening  out  of  the  petiole  .into  a  pseudo-leaf;  but 
in  it  the  flattening  takes  place  in  the  same  plane  as  the  leaf, 
so  as  to  produce  an  under  and  an  upper  surface ;  and  here 
the  two  surfaces  of  the  pseudo-leaf  are  slightly  unlike — in 
contour  if  in  nothing  else. 

$  27d.  We  come  now  to  such  physiological  difierentiationa 
among  the  outer  tissues  of  plants,  as  are  displayed  in  the 
contrasts  between  foliar  organs  on  the  same  osis,  or  on 
different  axes-*contrasts  between  the  seed-leaves  and  the 
leaves  subsequently  formed,  between  submerged  and  aerial  I 
leaves  in  certain  aquatic  plants,  between  leaves  and  bnicts, 
and  between  bracts  and  sepals.    To  deal  even  briefly  with! 
these  implies  information  which  even  a  professed  botanist! 
would  have  to  increase  by  special  inquiries,  before  attempt  in;?* 
interpretations.       Here  it  must  suffice  to  say    something 
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respecting  those  marked  imlikenesses  that  exist  between  thu 
tissues  of  the  more  characteristic  parts  of  flowers,  and  the 
tissues  of  the  homologous  foliar  organs. 

It  was  pointed  out  in  §  196,  that  the  terminal  parts  of  a 
phffinogamic  axis  have  sundry  characters  in  common  with  such 
fronds  as  those  out  of  which  we  concluded  that  the  phasno* 
gumic  axis  has  arisen  by  integration — common  characters  of 
a  kind  to  be  expected.  In  their  simple  cellular  composition, 
comparative  want  of  chlorophyll,  and  deficiency  of  vascular 
structures,  the  undeveloped  ends  of  leaf-shoots  ond  the 
developed  ends  of  flower-shoots,  approach  to  the  fronds  of  the 
simpler  Acrogens.  We  also  noted  between  them  another 
resemblance.  It  is  said  of  the  J^Hgermanniaceatt  that 
''  though  under  certain  circumstances  of  a  pure  green,  they 
ore  inclined  to  be  shaded  with  red,  purple,  chocolate,  or  other 
tints ; "  and  answering  to  this  we  have  the  fiicts  that  such 
colours  commonly  occur  in  the  terminal  folia  of  a  phmno- 
gamic  axis  when  arrest  of  its  development  leads  to  the 
formation  of  a  flower,  and  that  very  frequently  they  are 
visible  at  the  ends  of  leaf-axes.  In  the  unfolding  parts  of 
shoots,  more  or  less  of  red,  or  copper-colour,  or  chocolate- 
colour,  may  generally  be  seen:  often  indeed  it  charac- 
terizes the  leaves  for  some  time  after  they  are  unfolded. 
Occasionally  the  traces  of  it  are  permanent;  and,  as  in 
the  scarlet  terminal  leaves  of  Paimetiia  pukherrima^  we  sco 
that  it  may  become,  and  continue,  extremely  conspicuous. 
The  question,  then,  now  to  be  asked,  is — has  this  colouring 
by  which  the  immature  part  of  the  phasnogamio  axis  is  cha- 
racterized, anything  to  do  with  the  colouring  of  flowers? 
Has  this  difierenco  between  undeveloped  folia  and  folia  that 
are  further  developed,  been  increased  by  natural  selection 
where  an  advantage  accrued  from  it,  until  it  has  ended  in 
the  strong  contrast  we  now  see  P  I  think  we  may  not  irra- 
tionally infer  that  this  has  been  the  case. 

Facts,  very  numerous  and  varied,  united  to  warrant  us  in 
concluding  that  gamogcnesis  commences  where  the  forces 
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that  conduce  to  gro^h  are  nearly  equilibrated  by  the  forces 
that  resist  growtb  (§  78) ;  and  the  induction  that  in  plants,  for* 
tilized  germs  are  produced  at  places  where  there  is  an  approach 
towards  this  balance,  we  found  to  be  in  harmony  with  the 
deduction  that  an  advantage  to  the  species  must  be  gained 
by  sending  off  migrating  progeny  from  points  where  nutri- 
tion is  failing.  Other  things  equal,  failure  of  nutrition 
may  be  expected  in  parts  that  have  the  most  remote  or  most 
indirect  access  to  the  materials  furnished  by  the  roots- 
materials  that  have  to  be  carried  great  distances  by  a  Tery 
imperfect  apparatus.  The  ends  of  lateral  axes  are  therefore 
the  probable  points  of  fructification,  in  aggregates  of  the 
third  order  that  hare  taken  to  growing  rerticall}'.  But 
if  these  points  at  which  nutrition  is  failing,  are  also  the 
points  at  which  the  colours  inherited  from  lower  types  arc 
likely  to  recur  in  more  marked  degrees  than  elsewhere ;  then 
we  may  infer  that  the  organs  of  fructification  will  not  un- 
frequently  co-exist  with  such  colours  at  the  ends  of  such 
axes.  How  may  the  resulting  contrast  between  the  older 
fronds  and  tho  fronds  next  the  germ-producing  organs  be 
increased?  If  uninterfered  with  it  would  be  likely  to  di- 
minish. These  traits  inherited  from  remote  ancestry,  might 
be  expected  slowly  to  fade  away.  How,  then,  is  the  intensi- 
fication of  them  to  be  explained  P 

If  a  contrast  of  the  kind  described  favours  the  propagation  of 
a  race  in  which  it  exists,  it  will  be  maintained  and  increased ; 
and  if  we  take  into  account  an  agency  of  which  Mr.  Darwin  has 
shown  the  great  importance — the  agency  of  insects — ^we  shall 
have  Uttle  difficulty  in  understanding  how  such  a  contrast 
may  facilitate  propagation.  We  cannot,  of  course,  here  assume 
the  agency  of  insects  so  specialized  in  their  habits  as  Bees  and 
Butterflies ;  for  their  specialized  habits  imply  the  pre-exist- 
ence  of  the  contrast  to  be  explained.  But  there  is  an  insect- 
agency  of  a  more  general  kind  which  may  be  fairly  counted 
upon  as  coming  into  action.  Yarious  small  Flies  and 
Beetles  wander  over  the  surfaces  of  plants  in  search  of 
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food.    It  is  a  legitimate  assumption  that  they  will  frequent 
inoet  those  parts  in  which  they  find  most  food,  or  food  most 
to  their  liking — especially  if  at  the  same  time  they  gain  the 
advantage  of  concealment.    Now  the  ends  of  axes,  formed  of 
young,  softy  and  closcly-packcd  folia,  are  the  parts  which  more 
than  any  others  offer  these  several  advimtages.    They  afford 
shelter  from  enemies ;  they  frequently  contain  exuded  juices 
and  when  they  do  not,  their  tissues  are  so  tender  as  to  be 
easily  pierced  in  search  of  the  sap.    If,  then,  from  the  first,  q» 
at  present,  these  ends  of  axes  have  been  favourite  haunts  of 
small  insects ;  and  if,  where  the  closely-clustered  folia  con- 
tained the  generative  organs,  the  insects  frequenting  them 
occasionally  carried  adherent  fructifying  ceUs  from  one  plant 
to  another,  and  so  aided  fertilization ;  it  would  follow  that 
anything  which  made  such  terminal  clusters  more  attractive 
to  such  insects,  or  more  conspicuous  to  them,  or  both,  would 
further  the  multiplication  of  the  race,  and  would  so  be  con- 
tinually increased  by  the  extra  multiplication  of  individuals 
in  which  it  was  greatest.     Here  we  find  the  clue.    This  con- 
trast of  colour  between  the  folia  next  to  the  fructifying  parts 
and  all  other  folia,  must  constantly  have  facilitated  insect- 
agency;  supposing  the  insects  to  have  had  the  power  of  dis- 
tinguishing between  colours.      That  Bees  and  Butterflies 
have  this  power  is  manifest:   they  may  be  watched  fly- 
ing from  flower  to    flower,    disregarding  all  other   part? 
of  the  plants.       And  if  the  less-specialized  insects    pos- 
sessed some  degree  of  such  discrimination,  then  the  initial 
contrasts  of  colour  above  described  would  be  maintained 
and  increased.   Let  such  a  connexion  be  once  established,  and 
it  must  tend  to  become  more  decided.      Insects  most  able 
to  discern  the  parts  of  plants  which  afford  what  they  seek, 
will  be  those  most  likely   to  survive  and  leave  o£bpring. 
Plants  presenting  most  of  the  desired  food,  and  showing  most 
clearly  where  it  lies,  will  have  their  fertilization  and  multi- 
plication furthered  in   the  greatest  degree.      And  so  the 
mutual  adaptation  will  become  ever  closer ;  while  it  is  ren- 
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dered  at  the  same  time  more  varied  by  the  special  require* 
meats  of  the  insects  and  of  the  plants  in  each  locality,  under 
each   change  of   conditions.  Of   course,    tbo 

genesis  of  the  sweet  secretions  and  the  odours  of  flowers, 
has  a  parallel  interpretation.  The  simultaneous  production 
of  honey,  or  somo  kindred  substance,  is  implied  above; 
since,  unless  a  bait  co-existed  with  the  colour,  the  colour 
would  not  attract  insects,  and  would  not  be  maintoiocd 
and  intensified  by  natural  selection.  Gums,  and  resins, 
and  balsams,  are  familiar  products  of  plants ;  apparently, 
in  many  cases,  excreted  as  useless  matters  from  yarioos 
parts  of  their  surfaces.  These  substances,  admitting  of 
wide  variations  in  quality,  as  they  do,  afford  opportunities 
for  the  action  of  natural  selection  wherever  any  of  them 
attractive  to  insects,  happen  to  be  produced  near  the  organs 
of  fructification.  And  this  action  of  natural  selection  onee 
set  up,  may  lead  to  the  establishment  of  a  local  excretion,  to 
the  production  of  an  excretion  more  and  more  attractive,  and 
to  the  disposal  of  the  organ  containing  it  in  such  a  way  as 
most  to  facilitate  the  carrying  away  of  pollen.  Similarly 
and  simultaneously  with  odours.  Odours,  like  colours,  draw 
insects  to  flowers.  After  observiog  how  Bees  come  swarming 
into  a  house  where  honey  is  largely  exposed,  or  how  Wasps 
find  their  way  into  a  shop  containing  much  ripe  frnit,  it 
cannot  be  questioned  that  insects  are  to  a  considerable  extent 
guided  by  scent.  Being  thus  sensitive  to  the  aromatic  sob* 
stances  which  flowers  exhale,  they  may,  when  the  flowers  are 
in  large  masses,  be  attracted  by  them  from  distances  at  which 
the  flowers  themselves  are  invisible.  And  manifestly,  the 
flowers  which  so  attract  them  from  the  greatest  distances, 
increasing  thereby  their  chances  of  efficient  fertilisation,  will 
be  most  likely  to  perpetuate  themselves.  That  is  to  say, 
survival  of  the  fittest  must  tend  to  produce  perfumes  that 
are  both  more  powerful  and  more  attractive. 

These  physiobgical  differentiations,  then,  which  mark  off 
the  foliar  organs  of  flowers  from  other  foliar  organs,  are 
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the  consequences  of  indirect  eqallibration.  They  are  not 
due  to  the  immediate  actions  of  unlike  incident  forces  on 
the  parts  of  the  individual  plant ;  but  they  are  due  to  the 
actions  of  such  unlike  incident  forces  on  the  aggregate  of 
individuals,  generation  after  generation.* 

§  276.  The  unity  of  interpretation  which  we  here  find  for 
phenomena  of  such  various  orders,  could  hardly  be  found 
were  the  phenomena  otherwise  caused.  That  the  stronger 
and  the  feebler  contrasts  among  the  different  parts  of  the 
outer  tissues  in  plants,  should  so  constantly  occur  along  with 
stronger  and  feebler  contrasts  among  the  incident  forces,  is 
in  itself  weighty  evidence  that  unlike  outer  actions  have 
caused  unlike  inner  actions,  and  correspondingly-unlike  struc- 
tures ;  either  by  changing  the  functional  equilibrium  in  the 
individual,  or  by  changing  it  in  the  race,  or  by  both. 

Even  in  the  absence  of  more  direct  proof,  there  would  be 
great  significance  in  the  marked  diflkrences  that  habitually 
exist  between  the  exposed  and  imbedded  parts  of  plants, 
between  the  stems  and  the  leaves,  and  between  the  upper  and 
under  surfaces  of  the  leaves.  The  significance  of  these  diffe- 
rences is  increased  when  we  discover  that  they  vary  in  degree 

*  This  ieems  as  fit  a  place  as  any  for  noting  the  fact,  that  the  greater  part 
of  what  we  call  heaaty  in  the  oigenie  world,  is  in  some  way  dependent  on 
the  sexual  relation.  It  ii  not  only  so  with  the  colours  and  odours  of  flowers. 
It  is  so,  too,  with  the  Urillians  plumage  of  birds,  and  with  the  songs  of  Uxds, 
both  of  which,  in  Mr.  Darwin*s  view,  are  due  to  sexual  sehsclion ;  and  it  is 
piobahle  that  the  colours  of  the  more  oonsptenous  insects  are  in  part  similarly 
determined.  The  remarkable  cireumstaace  is,  that  theee  chaiucteristics,  which 
hare  originated  by  furthering  the  produetiou  of  the  best  offspring,  while  they 
ere  naturally  those  which  render  the  orgsnisms  possessing  them  attractire  to 
one  another,  directly  or  indirectly,  should  also  be  those  which  are  so  genemtly 
attractive  to  u»-those  without  which  tiie  fieUs  and  woods  would  lose  half 
their  charm.  It  is  interssting,  too^  to  obaenre  how  the  conception  of  human 
beauty  is  in  a  conaiderabie  degree  thus  originated.  And  the  trite  obeer- 
ration  that  the  element  of  beauty  which  grows  out  of  the  sexual  relation 
is  so  predominant  in  aesthetic  products— in  music,  in  the  drama,  in  fictbn,  in 
poetry— gains  a  new  meaning  when  we  sec  how  deep  down  in  organic  natuie 
tbb  connexion  extends. 
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as  the  difierencea  in  the  conditions  vary  in  degree.  Still  greater 
becomes  the  force  of  the  evidence  on  finding  that  these 
strongly-contrasted  parts  may,  trhen  placed  in  one  another's 
conditions,  and  kept  in  them  from  generation  to  generation, 
permanently  assume  one  another's  functions,  and,  in  a  great 
degree,  one  another's  structures.  Even  more  condosivo 
yet  is  the  argument  rendered,  by  the  discovery  that,  where 
these  substitutions  of  function  and  structure  take  place,  tho 
superinduced  modifications  differ  in  different  circumstances ; 
just  as  the  original  modifications  do.  The  faict  that  a  flattened 
stem  simulating  a  vertically-growing  leaf  has  its  two  surfaces 
alike,  while  when  it  simulates  a  horizontally-growing  leaf  its 
upper  and  under  surfaces  differ,  is  a  fact  which,  standing 
alono,  might  prove  little,  but  proves  much  when  joined  with 
all  the  other  evidence.  And  its  profound  meaning  becomes 
the  more  obvious  on  discovering  that  the  same  thing  happens 
with  petioles  when  they  usurp  leaf-functions. 

Finally,  when  wo  remember  how  rapidly  analogous  modi- 
fications of  function  and  structure  arise  in  the  superficial 
tissues  of  individual  plants,  the  general  inference  can  scarcely 
be  resisted.  When  we  meet  with  so  striking  a  case  as  that 
of  the  Begonia'lesSf  a  fragment  of  which  stuck  in  the  ground 
produces  roots  from  its  under  surface  and  leaves  from  its 
upper  surface — when  we  see  that  though,  in  this  case,  the 
typical  structure  of  the  plant  presently  begins  to  control  the 
organizing  process,  yet  the  initial  differentiations  are  set  up 
by  the  differential  actions  of  the  environment;  the  presump- 
tion becomes  extremely  strong^  that  the  heterogeneities  of 
surface  which  we  have  considered,  result,  as  alleged,  directly 
or  indirectly  from  heterogeneities  in  the  incident  forces. 
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CHAPTER  IV. 

DIFFEREXTIATIONS  AMONG  THE  INNEIl  TISSUES  OF  PLANTS.* 

§  277.  In  passing  from  plants  formed  of  tbreads  or  thin 
laminsD,  to  plants  having  some  massiveness,  we  find  that  after 
the  external  and  internal  parts  have  become  distinguished  from 
one  another,  there  arise  dictinctions  among  the  internal  parts 
themselves,  as  well  as  among  the  external  parts  themselves : 
the  primarily-differentiated  parts  are  both  rc-differentiated. 

From  t]rpe8  of  very  low  organisation  illustrations  of  this 
may  be  drawn.  In  the  thinner  kinds  of  Laminaria  there 
exists  but  the  single  contrast  between  the  outer  layer  of  cells 
and  an  inner  layer ;  but  in  larger  species  of  the  same  genus, 
as  L,  digitata,  there  are  three  unlike  layers  on  each  side  of  a 
central  layer  difiering  from  them — augmentation  of  bulk  is 
accompanied  by  multiplication  of  concentric  internal  struc- 
tures, having  their  unlikenesses  obviously  related  to  unlike- 
nesses  in  their  conditions.  In  Furceiiaria  and  various  Alga 
of  similarly  swollen  fonns,  the  like  relation  may  be  traced. 

Just  indicating  the  generality  of  this  contrast,  but  not 

*  Students  of  Tegetal  physiology,  familiar  with  the  controTersies  respecting 
randry  points  dealt  with  in  this  chapter,  will  prohably  he  surprised  to  find 
taken  for  granted  in  it,  propositions  which  they  have  habitnally  regarded  as 
open  to  doabt*  Hence  it  seems  needfol  to  say  that  the  condosions  here  set 
forth,  hare  resnlted  from  inyestigations  undertaken  for  the  purpose  of  forming 
opinions  on  sereral  nnaettlisd  questions  which  I  had  to  treat,  but  which  I 
could  find  in  books  no  adequate  data  for  treating.  Tbo  details  of  these  inres* 
tigations,  and  the  entire  argument  of  which  this  chapter  is  portly  an  abstract, 
will  be  found  in  AppisniUx  C. 
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attempting  to  seek  in  these  lower  types  for  any  more  specifio 
interpretation  of  it,  let  us  pass  to  the  higher  types.  Tho 
argument  will  be  amply  enforced  by  the  evidence  obtained 
from  them.  TVe  will  look  first  at  the  conditions  which  they 
have  to  fulfil ;  and  then  at  the  way  in  which  the  functions 
and  structures  adapting  them  to  these  conditions  arise. 

§  278«  A  terrestrial  plant  that  grows  vertically  needs  no 
marked  modification  of  its  internal  tissues,  so  long  as  the  height 
it  reaches  is  very  small.  As  we  before  saw,  the  spiral  or 
cylindrical  rolling  up  of  a  simple  cellular  frond,  or  the  more 
bulky  growth  of  a  simple  cellulor  oxis,  may  give  tho  requisite 
strength;  and  the  requisite  circulation  may  be  carried  on 
through  the  unchanged  cellular  tissue.  But  in  proportion 
as  the  height  to  be  attained  and  the  mass  to  be  supported 
increase,  the  supporting  part  must  acquire  greater  bulk  or 
greater  density,  or  both ;  and  some  modification  that  shall 
facilitate  the  transfer  of  nutritive  liquids  must  take  placa 
Hence,  in  the  inner  tissues  of  plants  we  may  expect  to  find 
that  structural  changes  answering  to  these  requirements 
become  marked^  as  the  growth  of  the  aerial  part  becomes 
great    Facts  correspond  with  these  expectations. 

Among  the  humbler  Acrogens,  which  creep  over,  or  raise 
themselves  but  little  above,  the  surfaces  they  flourish  upon, 
there  is  scarcely  any  internal  differentiation:  the  vascular 
and  woody  structures,  if  not  in  all  cases  absolutely  un- 
represented, are  rarely  and  very  feebly  indicated.  But 
among  the  higher  Acrogens — the  Ferns  and  Lycopodiums — 
which  raise  their  fronds  to  considerable  heights,  there  are 
vascular  bundles  and  hard  tissues  like  wood;  and  by  the 
Tree- Ferns  massive  axes  are  developed.  That  the  relation 
which  thus  shows  itself  among  Cryptogams  is  habitual  among 
Phronogams,  scarcely  needs  saying. 

Phaonogams,  however,  are  not  universally  thus  charac- 
terized in  tt  decided  way.  Besides  the  comparative  want  oi 
woody  substance  in  flowering  plants  of  humble  growth,  and 
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ides  tHe  paucity  of  vessels  in  ordinary  water-plants,  there 
cases  of  much  more  marked  divergence  from  this  typical 
3mal  structure.      These  exceptional  cases  occur  under 
optional  conditions,  and  are  highly  instructive.     They 
of  two  kinds.  One  group  of  them  is  furnished 

certain  plants  that  arc  parasitic  on  the  exposed  roots  of 
es — ^parasitio  not  partially,  as  the  Mistletoe,  but  to  the 
ent  of  subsisting  wholly  on  the  sap  they  absorb.  Fungus- 
3  in  colour  and  texture,  and  having  scales  for  leaves,  these 
knophortB  and  Rafflesiacem  are  recognizable  as  Pho^nogams 
scarcely  any  other  traits  than  their  fructifications.  Along 
.h  their  abortive  leaves  and  absence  of  chlorophyll,  there 
a  great  degradation  of  those  internal  tissues  by  which 
senogams  are  commonly  distinguished.  Though  Dr. 
•oker  has  shown  that  they  are  not,  as  some  botanists  thought, 
roid  of  spiral  vessels;  yet,  as  shown  by  the  mistake 
sviously  made  in  classifying  them,  their  appliances  for 
sulation  are  rudimentary.  And  this  trait  goes  along  with 
greatly-simplified  distribution  of  nutriment.  In  the 
tence  of  leaves  there  can  be  but  little  down-current  oi 
triment,  such  as  leaves  usually  supply  to  roots:  there 
mot  be  much  beyond  an  upward  current  of  the  absorbed 
ces.  The  other  cases  occur  where  circulation 

arrested  or  checked  in  a  difierent  way;  namely,  in 
nts  that  are  wholly  Submerged.  These  are  the  Podo^ 
Tiones,  which  are  aquatic  even  to  the  extent  of  flowering 
jer  water.  Clothing  as  they  do  the  submerged  rocks 
tropical  rivers,  their  roots,  like  those  of  the  Alffos^  servo 
y  for  attachment ;  their  foliar  expansions,  frond-like  in 
ipe,  are  everywhere  bathed  by  the  water;  and  their  organs 
fructification  never  exposed  to  the  air,  but  perhaps  aided 
their  functions  by  water-insects  instead  of  air-insects,  are 
3  only  marked  signs  of  kinship  to  other  PhoBnogams.  Observe 
!n  the  connexion  of  facts.  One  of  these  Padc%tenionea  neoda 
internal  stiffening  substance,  for  it  exists  in  a  medium  of 
own  specific  gravity  ;  and  having  no  unlikcness  between 
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the  materials  assimilated  at  its  fixed  and  its  free  ends,  it . 
no  need  for  a  circulation — ^nor,  indeed,  in  the  abaencei 
evaporation  from  any  part  of  its  surface,  could  anjacll 
circulation  take  place.  Here,  accordingly,  the  ordin 
internal  structures  are  undeveloped:  though  spiral  ves: 
are  not  entirely  absent,  yet  they  are  so  rare  as  to  do  no  m 
than  verify  the  inference  of  plisenogamic  relationship  drc 
from  the  flowers. 

The  method  of  ogreement,  the  method  of  difference,  i 
the  method  of  concomitant  variations,  thus  unite  in  prov 
a  direct  relation  between  the  demand  for  support  and  • 
culation,  and  the  existence  of  these  vascular  woody  banc 
which  the  higher  plants  habitually  possess.     The  quest 
which  we  have  to  consider  is — ^Tinder  what  influences 
these  structures,  answering  to  these  requirements,  developc 
How  are  these  internal  differentiations  caused  P    The  inqv 
may  be  conveniently  divided.    Thougli  the  supporting  tiss 
and  the  tissues  concerned  in  the  circulation  of  liquids 
closely  connected,  and  indeed  entangled,  with  one  onotl 
we  may  fitly  deal  with  them  apart.    Let  us  take  first 
supporting  tissue. 

§  279.  Many  common-place  facts  indicate  that  the  i 
chanical  strains  to  which  upright-growing  plants  are  ezpof 
themselves  cause  increase  of  the  dense  deposits  by  which  si 
plants  are  enabled  to  resist  such  strains.  There  is  the  i 
that  the  massiveness  of  a  tree-trunk  varies  according  to 
stress  habitually  put  upon  it.  If  the  contrast  between  * 
slender  stem  of  a  tree  growing  in  a  wood  and  the  bulky  st 
of  a  kindred  tree  growing  in  the  fields,  be  ascribed  to  difl 
ence  of  nutrition  rather  than  difference  of  exposure  to  win 
there  is  still  the  fact  that  a  tree  trained  against  a  wall  hs 
loss  bulky  stem  than  a  tree  of  the  same  kind  growing  i 
supported ;  and  that  between  the  long  weak  branches  of 
one  and  the  stiff  ones  of  the  other  there  are  decided  contnu 
If  it  be  objected  that  a  tree  so  trained  and  branches  so  boi 
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?e  lelatiTdy  less  foliage,  and  that  therefore  these  unlike* 
aes  also  are  due  to  unlikenesees  of  general  nutrition,  which 
y  in  part  be  true ;  there  are  still  such  cases  as  those  of 
"den  plants,  which  when  held  up  by  tying  them  to  sticks 
TO  weaker  stems  than  when  they  are  unpropped,  and  sink 
▼n  if  their  props  are  taken  away.  Again,  there  is  the 
dence  supplied  by  roots.  Though  the  contrast  between 
>  feeble  roots  of  a  sheltered  tree  and  the  strung  roots  of 
exposed  tree,  may,  like  the  contrast  of  their  stems,  bo 
inly  due  to  difference  of  nutrition,  and  therefore  supplies 
;  doubtful  evidence,  we  get  tolerably  clear  evidence  where 
es  growing  on  inclined  rocky  surfaces,  send  into  crevices 
.t  afford  little  moisture  or  nutriment,  roots  which  nevor- 
less  become  thick  where  they  are  so  directed  as  to  beur 
nt  strains.  Suspicion  thus  raised  is  strengthened 

3  conviction  by  special  evidences  occurring  in  the  places 
ere  they  are  to  be  expected.  The  Cactuses,  with  their 
culent  growths  that  pass  into  woody  growths  slowly  and 
)gularly,  give  us  the  opportjinity  of  tracing  the  conditions 
ler  which  the  wood  is  formed.  Good  examples  occur  in  the 
lus  CereuBf  and  especially  in  forms  like  0.  erenulaiui.  Hero, 
n  a  massive  vertically  ^growing  rod  of  fleshy  tiMue,  two 
hes  or  more  in  diameter,  there  grow  at  intervab  lateral  rods 
ilarly  bulky,  which,  quickly  curving  themselves,  take 
tical  directions.  One  of  these  heavy  branches  puts  great 
lins  on  its  own  substance  and  that  of  the  stem  at  their 
at  of  junction ;  and  here  both  of  them  become  brown  and 
dy  while  they  continue  green  and  suceulent  all  around. 
ix  di&rentiations  may  be  traced  internally  before  they 
visible  on  the  surface.  If  a  joint  of  an  Opuniia  be  sliced 
ough  longitudinally,  the  greater  resistance  to  the  kniiSs 
atoond  the  narrow  neck,  indicates  there  a  larger  deposit 
lignin  than  etsewhere ;  and  a  section  of  the  tissue  placed 
ier  the  mierosoope,  exhibits  at  the  narrowest  part  a  eoo^ 
tration  of  the  woody  and  raseular  bundles.  CSIear 

lence  of  another  kind  has  been  noted  by  Mr.  Darwin,  in  the 
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or^ns  of  attachment  of  climbing  plants.  Speaking  of  Sobh 
iasminoidea  he  says: — ''When  the  flexible  petiole  of  h 
or  a  quarter-grown  leaf  has  clasped  any  object,  in  three 
four  days  it  increases  much  in  thickness,  and  after  sevi 
weeks  becomes  wonderfully  hard  and  rigid ;  so  that  I  cc 
hardly  remove  one  from  its  support.  On  comparing  a  t 
transverse  slice  of  this  petiole  with  one  from  the  next 
older  leaf  beneath,  which  had  not  clasped  anything, 
diameter  was  found  to  be  fully  doubled,  and  its  struct 
greatly  changed.  •  •  •  This  clasped  petiole  had  acta 
become  thicker  than  the  stem  close  beneath ;  and  this 
chiefly  due  to  the  greater  thickness  of  the  ring  of  wc 
which  presented,  both  in  transverse  and  longitudinal  soctii 
a  closely  similar  structure  in  the  petiole  and  axis.  ' 
assumption  by  a  petiole  of  this  structure  is  a  singi 
morphological  fact ;  but  it  is  a  stiU  more  singular  phy 
logical  fact  that  so  great  a  change  should  have  been  indu 
by  the  mere  act  of  clasping  a  support." 

If  there  is  a  direct  relation  between  mechanical  stress 
the  formation  of  wood,  it  ought  to  explain  for  us  the  intei 
distribution  of  the  wood.    Let  us  see  whether  it  does  this 

When  seeking  in  mechanical  actions  and  reactions 
cause  of  that  indurated  structure  which  forms  the  vc 
brate  axis  (§§  254-7),  it  was  pointed  out  that  in  a  transversi 
strained  mass,  the  greatest  pressures  and  tensions  are  thn 
on  the  molecules  of  the  concave  and  convex  surfaces.  He: 
supposing  the  transtersely-strained  mass  to  be  a  cylin< 
bent  backwards  and  forwards  not  in  one  plane  but  no^ 
this  plane  and  now  in  that,  its  peripheral  layers  will 
those  on  which  the  greatest  stress  falls.  An  ordio 
exogenous  axis  is  such  a  cylinder  so  strained.  The  mt 
tenance  of  its  attitude  either  oa  a  lateral  shoot  or  a  vert 
shoot,  implies  subjection  to  the  bondings  caused  by  its  c 
weight  and  by  the  ever-varying  wind.  These  bendi 
imply  tensions  and  pressures  faUing  most  severely  first 
one  side  of  its  outer  layers  and  then  on  another.    And  if 
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dense  substance  able  to  resist  these  tensions  and  pressures  is 
deposited  most  where  they  are  greatest,  we  ought  to  find  it 
taking  the  shape  of  a  cylindrical  casing.  This  is  just  what 
we  do  find.  On  cutting  across  a  shoot  in  course  of  formation, 
we  see  its  central  space  either  unoccupied  or  occupied  only 
by  soft  tissue.  That  the  layer  of  hard  tissue  surrounding^ 
this  is  not  the  outermost  layer,  is  true :  there  lies  beyond  it 
the  cambium  layer,  from  which  it  is  formed.  But  outsido 
of  the  cambium  there  is  another  layer  of  dense  tissue,  tho 
liber,  haying  frequently  a  tenacity  greater  even  than  that  of 
tho  wood— a  layer  which,  while  it  protects  the  cambium  and 
offers  additional  resistance  to  the  transverse  strain,  admits  of 
being  fissured  as  fast  as  the  cylinder  of  wood  thickens.  That 
is  to  say,  the  deposit  of  resisting  substance  is  as  completely 
peripheral  as  the  exogenous  mode  of  growth  permits.  So, 
too,  in  general  arrangement  is  it  with  the  endogenous  stem. 
Different  as  is  here  the  mode  of  growth,  and  different  as  is 
the  internal  structure,  there  yet  holds  the  same  general  dis- 
tribution of  tissues,  answering  to  the  same  mechanical  con- 
ditions. The  vascular  woody  bundles,  more  abundant  towurda 
the  outside  of  the  stem  than  near  the  centre,  produce  a  harder 
casing  surrounding  a  softer  core.  In  the  supporting 

structures  of  leaves  we  find  significant  deviations  from  this 
arrangement.  While  axes  are  on  the  average  exposed  to 
equal  strains  on  all  sides,  most  leaves,  spreading  out  their 
surfaces  horizontally,  have  their  petioles  subject  to  strains 
that  are  not  alike  in  all  directions ;  and  in  them  the  hard 
iissue  is  differently  arranged.  Its  transverse  section  is 
not  ring-shaped  but  crescent-shaped :  the  two  horns  being 
directed  towards  the  upper  surface  of  the  petiolo.  That  this 
arrangement  is  one  which  answers  to  the  mechanical  con- 
ditions, is  not  easy  to  demonstrate :  we  must  satisfy  ourselves 
by  noting  that  here,  where  the  distribution  of  forces  is 
different,  the  distribution  of  resisting  tissue  is  different  And 
then,  showing  conclusively  the  connexion  between  these  differ- 
ences, we  have  the  fact  that  in  petioles  growing  vertically 


262  PHYSIOLOGICAL  DEYELOrMBKT. 

and  supporting  peltate  leaves — ^petioles  which  ore  therefora 
subject  to  equal  transverse  strains  on  all  sides— the  vascular 
bundles  are  arranged  cylindrically^  as  in  axes* 

Such,  then,  are  some  of  the  reasons  for  concluding  that  the 
development  of  the  supporting  tissue  in  plants,  is  caused  by 
the  incident  forces  which  this  tissue  has  to  resist.  The 
individuals  in  which  this  direct  balaocing  of  inner  and  outer 
actions  progresses  most  favourably,  are  those  which,  other 
things  equal,  are  most  likely  to  prosper ;  and  by  habitual 
survival  of  the  fittest,  there  is  established  a  systematic  and 
constant  distribution  of  a  deposit  adapted  to  the  circumstances 
of  each  type. 

§  280.  The  function  of  circulation  may  now  be  dealt  with. 
We  have  to  consider  here  by  what  structures  this  is  dis- 
charged ;  and  what  connexion  exists  between  the  demand 
for  them  and  the  genesis  of  them. 

The  contrast  between  the  rates  at  which  a  dye  passes 
through  simple  cellular  tissue  and  cellular  tissue  of  which  the 
units  have  been  elongated,  indicates  one  of  the  structural 
changes  required  to  facilitate  circulation.  If  placed  with  its 
cut  surface  in  a  coloured  liquid,  the  parenchyma  of  a  potato 
or  the  meduUary  mass  of  a  cabbage-staUc,  will  absorb  the 
liquid  with  extreme  slowness ;  but  if  the  stalk  of  a  fungus  be 
similarly  placed,  the  liquid  runs  up  it,  and  especially  up  its 
loose  central  substance,  very  quickly.  On  comparing  the 
tissues  which  thus  behave  so  differently,  we  find  that  whereas 
in  the  one -case  the  component  cells,  packed  close  together, 
have  deviated  from  their  primitive  sphericity  only  as  much  as 
mutual  pressure  necessitates,  in  the  other  cose,  they  are  drawn 
out  into  long  tubules  with  narrow  spaces  among  them — ^the 
greatest  dimensions  of  the  tubules  and  the  spaces  being  in  the 
direction  which  the  dye  takes  so  rapidly.  That  which  wc 
should  infer,  then,  from  the  laws  of  capillary  action,  is 
experimentally  shown :  liquid  moving  through  tissues  follows 
the  lines  in  which  the  elements  of  the  tissues  are  most 
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elongated.  It  does  this  for  two  reasons.  That  narrowing  of 
tho  cells  and  intercelluLir  spaces  which  accompanies  their 
elongation,  facilitates  capillarity ;  and  at  the  same  time  fewer 
of  the  septa  formed  hy  the  joined  ends  of  tho  cells  have  to  be 
passed  through  iu  a  given  distance.  Hence  tho 

general  fact  that  the  establishment  of  a  rudimentary  vascular 
syBtem,  is  the  formation  of  bundles  of  cells  lengthened  in  the 
direction  which  the  liquid  is  to  take.  This  we  see  very 
obviously  among  the  lower  Acrogens.  In  one  of  the  lichen- 
like Liverworts,  the  veins  which,  branching  through  its 
frond,  serve  as  communications  with  its  scattered  rootlets,  are 
formed  of  cells  longer  than  those  composing  tho  general  tissue 
of  the  frond :  the  lengths  of  these  cells  corresponding  in  their 
directions  with  the  lengths  of  the  veins.  So,  too,  is  it 
with  the  midribs  of  such  fronds  as  assume  more  definite 
shapes;  and  so,  too,  is  it  with  the  creeping  stems  which 
unite  many  such  fronds.  That  is  to  say,  the  current  which 
sets  towards  tho  growing  part  from  the  part  which  supplies 
the  materials  for  growth,  sets  through  a  portion  of  the  tissues 
composed  of  units  that  are  longer  in  the  line  of  the  current 
than  at  right  angles  to  that  line.  The  like  is  true 

of  Phsenogams.  Omitting  all  other  characteristics  of  those 
parts  of  them  through  which  chiefly  the  currents  of  sap 
flow,  we  find  tho  uniform  fact  to  be  that  they  consist  of  cells 
uud  intercellular  spaces  distinguished  from  others  by  their 
lengths.  It  is  thus  with  veins,  and  midribs,  and  petioles ; 
and  if  we  wish  proof  that  it  is  thus  with  stems,  we  have  but 
to  observe  the  course  token  by  a  coloured  solution  into  which 
u  stem  is  inserted. 

What  is  the  original  cause  of  this  differentiation  ?  Is  it 
possible  that  this  modification  of  cell-structure  which  favoui*s 
the  transfer  of  liquid  towards  each  place  of  demand,  is  itself 
caused  by  the  current  which  the  demand  sets  up  P  Does  the 
btream  moke  its  o>vn  channel  P  There  are  various  reasons 
for  thinking  that  it  does.   In  the  first  place,  the  simplest  and 

earliest  channels,  such  as  we  see  in  the  Liverworts,  do  not 
Vol.  It  12 
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develop  in  any  systematic  way,  but  bnincli  out  irregolarlyt 
following  everywhere  the  irregular  lobes  of  the  frond  as 
these  spread ;  and  on  examining  under  a  magnifier  the  places 
at  which  the  veins  are  lost  in  the  cellular  tissue,  it  will  be 
seen  that  the  cells  are  there  slightly  longer  than  those 
around :  suggesting  that  the  lengthening  of  them  which 
produces  an  extension  of  the  veins,  takes  place  as  fast  as 
the  growth  of  the  tissue  beyond  causes  a  current  to  pass 
through  them.  In  the  second  place,  a  disappearance  of  the 
granular  contents  of  these  cells  accompanies  their  union 
into  a  vein — a  result  which  the  transmission  of  a  current 
may  not  improbably  bring  about.  But  be  the  special  causes 
of  this  differentiation  what  they  may,  the  evidence  iavours 
very  much  the  conclusion  that  the  general  cause  is  the 
setting  up  of  a  current  towards  a  place  where  the  sap  is 
being  consumed.  In  the  histological  development 

of  the  higher  plants  we  find  confirgiation  The  more 
finished  distributing  canals  in  PhflDUOgams  are  formed  of  cells- 
previously  lengthened.  At  parts  of  whicb  the  typical  struc- 
ture is  fixed,  and  the  development  direct,  this  fact  is  not  easy  to 
trace ;  the  cells  rapidly  take  their  fibrous  structures  in  antici- 
pation of  their  pre-determined  functions.  But  in  places 
where  new  yessels  are  required  in  adaptation  to  a  modify- 
ing growth,  we  may  clearly  trace  this  succession.  The 
swelling  root  of  a  turnip,  continually  having  its  vascular 
system  further  developed,  and  the  component  vessek 
lengthened  as  well  as  multiplied,  gives  us  an  opportunity  of 
watching  the  process.  In  it  we  see  that  the  reticulated  cells 
which  unite  to  form  ducts,  arise  in  the  midst  of  bundles  of 
cells  that  have  previously  become  elongated,  and  that  they 
arise  by  transformation  of  such  elongated  cells;  and  we 
also  see  that  these  bundles  of  elongated  ceUs  have  an 
arrangement  quite  suggestive  of  their  formation  by  passing 
currents. 

Are  there  grounds  for  thinking  that  these  further  trans- 
formations by  which  strings  of  elongated  cells  pass   into 
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vessels  lined  with  spiral,  annular,  reticulated,  or  other 
frameworks,  are  also  in  any  way  determined  by  the  currents 
of  sap  carried  ?    There  are  some  such  grounds. 

As  just  indicated,  the  only  places  where  we  may  look 
for  evidence  with  any  rational  hope  of  finding  it,  aro 
phices  where  some  local  requirement  for  yessels  has  arisen 
in  consequence  of  some  local  development  which  the  type 
does  not  involve.  In  these  cases  we  find  such  evidence. 
Good  illustrations  occur  in  those  genera  of  the  Cactacetc, 
which  simulate  leaves,  like  Epiphyllum  and  Phyllocactu*. 
A  branch  of  one  of  these  is  outlined  in  Fig.  256.  As  before 
explained,  this  is  a  flattened  axis;  and  the  notches  along 
its  edges  are  the  seats  of  the  axillary  buds,  ^[ost  of  these 
axillary  buds  are  arrested;  but  occasionally  one  of  them 
grows.  Now  if,  taking  an  Hpiphyilum'&hoot  which  bears 
a  lateral  shoot,  we  compare  the  parts  of  it  that  are  near 
the  abortive  axillary  buds  with  the  part  that  is  near  the 
developed  axillary  bud,  we  find  a  conspicuous  difference. 
In  the  neighbourhood  of  on  abortive  axillary  bud  there 
is  no  external  sign  of  any  internal  differentiation ;  and  on 
holding  up  the  branch  against  the  light,  the  uniform  trans- 
lucency  shows  that  there  is  no  greater  amount  of  dense 
tissue  near  it  than  in  other  parts  of  the  succulent  mass. 
But  where  an  axillary  bud  has  developed,  a  prominent  rounded 
ridge  joins  the  midrib  of  the  lateral  branch  with  the  midrib 
of  the  parent  branch.  In  the  midst  of  this  rounded  ridge 
an  opaque  core  may  be  seen.  And  on  cutting  through  it,  this 
opaque  core  proves  full  of  vascular  bundles  imbedded  in 
woody  deposits.  Clearly,  these  clusters  of  vessels  imply 
transformations  of  the  tissues,  caused  by  the  passage  of 
increased  currents  of  sap.  The  vessels  were  not  there  when 
the  axillary  bud  was  formed;  they  would  not  have  de- 
veloped had  the  axillary  bud  proved  abortive ;  but  they 
arise  as  fast  as  growth  of  the  axillary  bud  draws  the  sap 
along  the  lines  in  which  they  lie.  Yerification  is  obtained 
by   examining    the    internal    structures.      If  longitudinal 
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aectiona  be  made  through  a  growing  bud  of  Opuntia  or 
CereuSf  it  will  be  found  that  the  Teasels  in  course  of  for- 
mation  converge  towards  the  point  of  growth,  as  they  would 
do  if  the  sap-currents  determined  their  formation;  that 
they  are  most  dcTcloped  near  their  place  of  convergence, 
which  they  also  would  be  if  so  produced ;  and  that  their 
terminations  in  the  tissue  of  the  parent  shoot  are  partially- 
formed  lines  of  irregular  fibrous  ceUs,  like  those  out  of 
which  the  vessels  of  a  leaf  or  bud  are  developed. 

Concluding,  then,  that  sap-vessels  arise  along  the  lines  of 
least  resistance,  through  which  currents  are  drawn  or  forced, 
the  question  to  be  asked  is — ^What  physical  process  produces 
them  ?  Their  component  cells,  united  end  to  end  more  or  less 
irregularly  in  ways  determined  by  their  original  positions, 
form  a  channel  much  more  permeable,  both  longitudinally 
and  laterally,  than  the  tissue  around.  How  is  this  greater 
permeability  caused?  The  idea,  first   propounded 

I  believe  by  Wolff,  that  the  adjoined  ends  of  the  cells  are 
perforated  or  destroyed  by  the  passing  current,  is  one  for 
which  much  is  to  be  said.  Whether  these  septa  are  dissolved 
by  the  liquids  they  transmit,  or  whether  they  are  burst  by  those 
sudden  gushes  which,  as  we  shall  hereafter  see,  must  frequently 
take  place  along  these  canals,  needs  not  be  diacuased :  it  is 
sufficient  for  us  that  the  septa  do,,  in  many  cases,  disappear, 
leaving  internal  ridges  showing  their  positions ;  and,  in  other 
cases,  become  extremely  porous.  Though  it  ia  manifest  that 
this  is  not  the  process  of  vascular  development  in  tissues  that 
unfold  after  pre-determined  types,  since,  in  these,  the  dehi- 
acencea  or  perforationa  of  aepta  occur  before  auch  direct 
actiona  can  have  come  into  play;  yet  it  ia  atill  possible 
that  the  disappearances  of  septa  which  now  arise  by  repe- 
tition of  the  type  were  established  in  the  type  by  such 
direct  actions.  Be   this  as  it  may,  however,  a 

simultaneous  change  undergone  by  these  longitudinally- 
united  cella  must  be  otherwise  caused.  Frame-worka  are 
formed  in  them^  frame-worka  which,  cloaely  fitting  their  inner 
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surfaces,  may  consist  either  of  saccenive  rings,  or  eoatinaoas 
spiral  threads,  or  networks,  or  stroctores  between  spirds  and 
networks,  or  networks  with  openings  so  far  diminished  that  the 
ceUs  containing  them  are  distinguished  as  fenestrated.  Their 
differences  omitted,  however,  these  structures  havo  the  common 
character  that,  while  supporting  the  coats  of  the  vessds  and 
senring  to  restore  their  diameters  after  they  have  been  com- 
pressed, they  ako  give  special  facilities  for  the  passage  of 
liquids,  both  through  the  sides  of  the  transformed  oeQs  and 
through  their  united  ends,  where  these  are  not  destroyed. 
For  one  of  these  internal  frame* works  is  not,  as  usually  statod, 
produced  by  the  deposition  of  substance  on  the  cell-mem- 
brane,  in  the  shapo  which  the  frame-work  eventually  assumes. 
Were  it  so,  this  frame- work  would  hare  a  thickness  additional 
to  that  of  the  cell- wall  as  previously  existing,  which  it  has  not. 
On  comparing  one  of  these  cells  longitudinaUy  cut  through, 
with  on  adjacent  cell  of  the  kind  to  which  it  was  originally 
similar,  we  see  that  over  every  opening  in  the  frame-work,  tho 
wall  of  the  cell  is  far  thinner  than  the  walls  of  the  adjacent 
ceUs:  the  cell-membrane  at  each  of  these  openings  being  quite 
bore,  instead  of  being,  as  in  adjacent  ceUs,  covered  by  a  hyer  of 
deposit  Hence  this  transformation  of  cells  into  sap-channels, 
is  in  part  the  arrangement  or  re-arrangement  of  their  sub- 
stance in  such  ways  as  greatly  to  diminish  the  resistance  to 
the  passage  of  liquid,  both  longitudinally  and  laterally. 

To  attempt  any  physical  interpretation  of  this  change 
is  scarcely  safe :  the  conditions  are  so  complex.  There  are 
many  reasons  for  suspecting,  however,  that  it  arises  from  a 
vttcuolation  of  the  substance  deposited  on  tbe  cell  walL  II 
'rapidly  deposited,  as  it  is  likely  to  be  along  lines  where  sap 
is  freely  supplied,  this  may,  in  passing  from  the  state  of  a 
soluble  colloid  to  that  of  an  insoluble  colloid,  so  contract  as  to 
leave  uncovered  spaces  on  the  cell-membrane;  and  this 
change,  originally  consequent  on  a  physico-chemical  action, 
may  be  so  maintained  and  utilized  by  natural  selection,  as  to 
result  in  structures  of  a  definite  kind,  regularly  formed  in 
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growing  parts  in  anticipation  of  functions  to  be  afcenrarda 
discharged.  But,  without  alleging  any  special  cause  for  this 
metamorphosisy  there  is  good  evidence  that  it  is  in  some  way 
consequent  upon  the  carrying  of  sap.  If  we  examine  tissues 
such  as  that  in  the  interior  of  a  growing  turnip  that  has 
not  yet  become  stringy,  we  may,  in  the  first  place,  find 
bundles  of  elongated  cells  not  having  yet  developed  in  them 
those  fenestrated  or  reticulated  structures  by  which  the  ducts 
are  eventually  characterized.  Along  the  centres  of  adjacent 
bundles  we  may  find  incomplete  lines  of  such  ceUs — somo  that 
are  partially  or  wholly  transformed,  with  some  between  them 
that  are  not  transformed.  In  other  bundles,  completed  chains 
of  such  transformed  cells  are  visible.  And  then,  in  still 
older  bundles,  there  are  several  complete  chains  running  side 
by  side.  All  which  facts  imply  a  metamorphosis  of  the 
elongated  cells,  caused  by  the  continued  action  of  tho  currents 
carried. 

§  28L  Here,  however,  presents  itself  a  further  problem. 
Taking  it  as  manifest  that  there  is  a  typical  distribution  of 
supporting  tissue  adapted  to  meet  the  mechanical  strains  a 
plant  is  exposed  to  by  its  typical  mode  of  growth,  and  also 
that  there  goes  on  special  adaptation  of  the  sup|)orting  tissue 
to  the  special  strains  the  individual  plant  has  to  bear ;  and 
taking  it  as  tolerably  evident  that  the  sap  channels  are 
originally  determined  by  the  passage  of  currents  along  lines 
of  least  resistance;  there  still  remains  the  ultimate  question — 
Through  what  physical  actions  are  estabUshed  these  general 
and  special  adjustments  of  supporting  tissue  to  the  strains 
borne,  and  these  distributions  of  nutritive  liquid  required  to 
make  possible  such  adjustments  P  Clearly,  if  the  external 
actions  produce  internal  reactions;  and  if  this  play  of  actions 
and  reactions  results  in  a  balancing  of  the  ^trains  by  the 
resistances;  we  may  rationally  suspect  that  the  incident 
forces  are  directly  conducive  to  the  structural  changes  by 
which  they  are  met    Let  us  consider  how  they  must  work. 


THE   INNER  TISSUES  OF  PLANTS.  2G9 

When  any  part  of  a  plant  ia  bent  by  the  wind,  the  tissues 
on  its  conyex  surface  ore  subject  to  longitudinal  tension,  and 
these  extended  outer  layers  compress  the  layers  beneath 
them.  Such  of  the  vessels  or  canals  in  these  subjacent  layers 
as  contain  sap,  must  have  some  of  this  sap  expelled.  Part  of 
it  will  be  squeezed  through  the  more  or  less  porous  walls  of 
the  canals  into  the  surrounding  tissue,  thus  supplying  it 
with  assimilable  materials ;  while  part  of  it,  and  probably 
the  larger  part,  will  be  thrust  along  the  canals  longitudinally 
upwards  and  downwards.  When  the  branch  or  twig  or  leaf- 
stalk recoils,  these  vessels,  relieved  from  pressure,  expand  to 
their  original  diameters.  As  they  expand,  the  sap  rushes 
back  into  them  from  above  and  below.  In  whichever  of 
these  directions  least  has  been  expelled  by  the  compression, 
from  that  direction  most  must  return  during  the  dilation ; 
seeing  that  the  force  which  more  efficiently  resisted  the 
thrusting  bock  of  the  sap  is  the  same  force  which  urges  it 
into  the  expanded  vessels  again,  when  they  are  relieved  from 
pressure.  At  the  next  bend  of  the  port  a  further  portion  of 
sap  will  be  squeezed  out,  and  a  further  portion  thrust  for- 
wards along  the  vessels.  This  rude  pumping  process  thus 
serves  for  propelling  the  sap  to  heights  which  it  could  not 
reach  by  capillary  action,  at  the  same  time  that  it  incident- 
ally serves  to  feed  the  parts  in  which  it  takes  place.  It 
strengthens  them,  too,  just  in  proportion  to  the  stress  to  be 
borne;  since  the  more  severe  and  the  more  repeated  the 
strains,  the  greater  must  be  the  exudation  of  sap  from  tho 
vessels  or  ducts  into  the  surrounding  tissue,  and  the  greater 
the  thiokening  of  this  tissue  by  secondary  deposits.  By 

this  same  action  the  movement  of  the  sap  is  determined 
either  upwards  or  downwards,  according  to  the  conditions. 
While  the  leaves  are  active  and  evaporation  ia  going  on  from 
them,  these  oscillations  of  the  branches  and  petioles  urge 
forward  the  sap  into  them ;  because  so  long  as  the  vessels  of 
the  leaves  ore  being  emptied,  the  sap  in  the  compressed 
vessels  of  the  oscillating  parts  wiU  meet  with  less  resistance 
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ill  the  direction  of  the  leares  than  in  tho  opposite  direction. 
But  when  evaporation  ceases  at  night,  this  will  no  longer  bo 
the  cose.  The  sap  drawn  to  the  oscillating  parts*  to  snpply 
the  place  of  the  exuded  sap,  must  come  from  the  directions 
of  least  resistance.  A  slight  breeze  will  bring  it  bock  from 
the  leaves  into  the  gently-swaying  twigs,  a  stronger  breeze 
into  the  bending  branches,  a  gale  into  tho  strained  stem  and 
roots — roots  in  which  longitudinal  tension  produces,  in 
another  way,  the  same  effects  that  transverse  tension  does  in 
the  branches. 

Two  possible  misinterpretations  roust  be  guarded  against. 
It  must  not  be  supposed  that  this  force-pump  action  causes 
movement  of  the  sap  towards  one  point  rather  than 
another:  it  is  simply  an  aid  to  its  movement.  From  the 
stock  of  sap  distributed  through  the  plant,  more  or  less  is 
everywhere  being  abstracted — here  by  evaporation ;  here  by 
the  unfolding  of  the  ports  into  their  typical  shapes ;  here  by 
both.  The  result  is  a  tension  on  the  contained  liquid  columns, 
that  is  greatest  now  in  this  direction  and  now  in  that.  This 
tension  it  is  which  must  be  regarded  as  the  force  that 
determines  the  current  upwards  or  downwards;  and  all  which 
the  mechanical  actions  do  is  to  facilitiite  the  transfer  to  the 
places  of  greatest  demand.  Hence  it  happens  that  in  a  plant 
prevented  from  oscillating,  but  having  a  typical  tendency  to 
assume  a  certain  height  and  bulk,  the  demands  set  up  by  its 
unfolding  parts  will  still  cause  currents ;  and  there  will  still 
be  alternate  ascents  and  descents,  according  as  the  varying 
conditions  change  the  direction  of  greatest  demand — the 
only  difference  being,  .that  in  the  absence  of  oscillations  the 
the  growth  will  be  less  vigorous.  Similarly,  it  must 

not  be  supposed  that  mechanical  actions  are  here  alleged  to  be 
the  sole  causes  of  wood-formation  in  the  individual  plant  The 
tendency  of  tho  individual  plant  to  form  wood  at  places  where 
wood  has  been  habitually  formed  by  ancestral  plants,  is 
manifestly  a  cause,  and,  indeed,  the  chief  cause.  In  this,  as 
in  all  oUier  cases,  inherited  structures  repeat  themselvea 
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irrespective  of  the  circumstances  of  the  individaal :  absence 
of  the  appropriate  conditions  resulting  simply  in  imperfect 
repetition  of  the  structures.  Hence  the  fact  that  in  trained 
trees  and  hothouse  shrubs,  dense  substance  is  still  largely 
deposited;  though  not  so  largely  as  where  the  normal  me- 
chanical strains  have  acted.  Hence,  too,  the  fact,  that 
in  such  plants  as  the  £lephant8*foot  or  the  WeUcitsdna 
mirabUis^  which  for  untold  generations  can  have  undergone 
no  oscillations,  there  is  an  extensive  formation  of  wood 
(though  not  to  any  considerable  height  above  the  ground),  in 
repetition  of  an  ancestral  type:  natural  selection  having 
here  maintained  the  habit  as  securing  some  other  advantage 
than  that  of  support. 

Still,  it  must  be  borne  in  mind  that  though  intermittent 
mechanical  strains  cannot  be  assigned  as  the  direct  causes  of 
these  internal  differentiations  in  plants  that  are  artificially 
sheltered  or  supported,  they  are  assignable  as  the  indirect 
causes;  since  the  inherited  structures,  repeated  apart  from 
such  strains,  are  themselves  interpretable  as  accumulated 
results  of  such  strains  acting  on  successive  generations  of 
ancestral  plants.  This  will  become  clear  on  combining  the 
several  threads  of  the  argument  and  bringing  it  to  a  close, 
which  we  may  now  do. 

§  282.  To  put  the  co-operative  actions  in  their  actual  order, 
would  require  us  to  consider  them  as  working  on  individuals 
small  modifications  that  become  conspicuous  and  definite 
only  by  inheritance  and  gradual  increase ;  but  it  will  aid  our 
comprehension  without  leading  us  into  error,  if  we  suppose  the 
whole  process  resumed  in  a  single  continuously-existing  plant. 

As  tlie  plant  erects  the  integrated  series  of  fronds  whose 
united  parts  form  its  rudimentary  axis,  the  increasing  area 
of  frond-surface  exposed  to  the  sun's  rays  entails  an  increasing 
draught  upon  the  liquids  contained  in  the  rudimentary 
axis.  The  currents  of  sap  so  produced,  pnee  established  along 
certain  lines  of  cells  that  offer  least  resistance,  render  them 
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by  their  continnous  passage  more  and  more  penneaUe.  Thia 
establishment  of  channels  is  aided  by  the  wind.  Each  bend 
produced  by  it  while  yet  the  tissue  is  undifferentiated, 
squeezes  towards  the  place  of  growth  and  evaporation  the 
liquids  that  are  passing  by  osmose  from  cell  to  cell;  and 
when  the  lines  of  movement  become  defined,  each  bend  helps, 
by  forcing  the  liquid  along  these  lines,  to  remove  obstructions 
and  make  continuous  canals.  As  fast  as  this  transfer  of  sop 
is  facilitated,  so  fastia  the  plant  enabled  further  to  raise  itself, 
and  add  to  its  assimilating  surfaces;  and  so  fast  do  the 
transverse  strains,  becoming  greater,  give  more  efficient 
aid.  The  channels  thus  formed  can  be  neither  in  tho 
centre  of  the  rudimentary  axis  nor  at  its  surface;  for  at 
neither  of  these  places  can  the  transverse  strains  produce 
any  considerable  compressions.  They  must  arise  along  a  tract 
between  the  outside  of  the  axis  and  its  core — a  tract  along 
which  there  occur  the  severest  squeezes  between  the  ex- 
tended outer  layers  and  the  internal  mass.  Just  that  dis- 
tribution which  we  find,  is  the  distribution  which  these  me> 
chanical  actions  tend  to  establish. 

As  the  plant  gains  in  height,  and  as  the  mass  of  its  foliage 
accumulates,  the  strains  thrown  upon  its  axis,  and  especially 
the  lower  part  of  its  axis,  rapidly  increase.  Supposing  the 
forms  to  remain  similar,  the  strains  must  increase  in  the  ratio 
of  the  cubes  of  the  dimensions ;  or  even  in  a  somewhat  higher 
ratio.  One  consequence  must  be,  that  the  compressions  to 
which  the  vessels  at  the  lower  part  of  the  stem  are  subject, 
become  greater  as  fast  as  the  height  to  which  the  sap  has  to 
be  raised  becomes  greater ;  and  another  consequence  must  be, 
that  the  local  exudation  of  sap  produced  by  the  pressure  is 
proportionately  augmented.  Hence  the  materials  for  nntri* 
tion  of  the  surrounding  tissues  being  there  supplied  mora 
abundantly,  we  may  expect  thickening  of  the  surrounding 
tissues  to  show  itself  there  first:  in  other  words,  wood 
will  be  formed  round  the  vessels  of  the  lower  part  of 
the  stem.      The    resulting  greater  ability  of  this  lower 
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part  of  the  stem  to  bear  strainsi  renders  possible  an  increase 
of  height ;  and  while  after  an  increase  of  height  the  lowest 
part  becomes  still  further  strained,  and  still  farther  thickens, 
the  part  above  it,  exposed  to  like  actionsi  undergoes  a  like 
thickening.  This  induration,  while  it  spreads  upwards, 
also  spreads  outwards.  As  fast  as  the  rude  cylinder  of  denso 
matter  /ormed  in  this  way,  begins  to  inclose  the  original 
vessels,  it  begins  to  play  the  part  of  a  resistant  mass,  between 
which  and  the  outer  layers  the  greatest  compression  occurs 
at  each  bend.  While,  therefore,  the  orig^ial  vessels  become 
useless,  the  peripheral  cells  of  the  developing  wood  become 
those  which  have  their  liquid  contents  squeezed  out  longitu- 
dinally and  laterally  with  the  greatest  force ;  and,  consequently, 
amid  them  are  formed  new  sap-channels,  from  which  there  is 
the  most  active  local  exudationi  producing  the  greatest 
deposit  of  dense  matter. 

Thus  fusing  together,  as  it  were,  the  individualities  of 
successive  generations  of  plants,  and  letting  that  facilitation 
of  the  process  which  natural  selection  has  all  along  given, 
be  represented  by  the  most  favourable  working  together  of 
these  mechanical  processes,  we  are  enabled  to  inteYpret 
the  leading  internal  differentiations  of  plants  as  consequent 
on  a  direct  equilibration  between  inner  and  outer  forces. 
Here,  indeed,  we  see  illustrated  in  a  way  more  than  usually 
«easy  to  follow,  the  eventual  balancing  of  outer  actions  by 
inner  reactions.  The  relation  between  the  demand  for  liquid 
and  the  formation  of  channels  that  supply  liquid,  as  well 
as  that  between  the  incidence  of  strains  and  the  deposit 
of  substance  that  resists  strains,  are  among  the  clearest  special 
examples  of  the  general  truth  that  the  moving  equilibrium 
of  an  organism,  if  not  overthrown  by  an  incident  force,  must 
eventually  be  adjusted  to  it. 

The  processes  here  traced  out  are,  of  course,  not  to  be 
taken  as  the  only  differentiating  processes  to  which  the 
inner  tissues  of  phmts  have  been  subject  Besides  the  chief 
changes  we  have  considered,  various  less  conspicuous  changes 
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have  taken  place.  These  must  be  passed  over  as  arising 
in  ways  too  involved  to  admit  of  rp&$ific  interpreta- 
tions; even  supposing  them  to  have  been  prodaced  by 
causes  of  the  kind  assigned.  But  the  probability,  or 
rather  indeed  the  certainty,  is,  that  some  of  them  have  not 
been  so  produced.  Here,  as  in  nearly  all  other  cases,  in- 
diect  rcquilibration  has  worked  in  aid  of  direct  equilibration  ; 
and  in  many  cases  indirect  equilibration  has  been  the  solo 
agency.  Besides  ascribing  to  natural  selection  the  rise  of 
various  internal  modifications  of  other  classes  than  those 
above  treated,  we  must  ascribe  some  even  of  these  to  natural 
selection.  It  is  so  with  the  dense  deposits  which  form 
thorns  and  the  shells  of  nuts :  these  cannot  have  rfsulted 
from  any  inner  reactions  immediately  called  forth  by  outer 
actions ;  but  must  have  resulted  mediately  through  the  effects 
of  such  outer  actions  on  the  species.  Let  it  be  understood, 
therefore,  that  the  differentiations  to  which  the  foregoing 
interpretation  applies,  are  only  those  most  conspicuous  ones 
which  are  directly  related  to  the  most  conspicuous  in- 
cident forces.  They  must  be  taken  as  instances  on  the 
strength  of  which  we  may  conclude  that  other  internal 
differentiations  have  had  a  natural  genesis,  though  in  ways 
that  we  cannot  trace. 


CHAPTER   V. 

PUTSrOLOQICAL   INIEaRAtlON   TN  PLANTa 

§  283.  A  good  deal  has  beea  implied  on  this  topio  in  tho 
preceding  chapters.  Here,  howeveri  we  must  for  a  brief 
space  torn  oar  attention  immediately  to  it 

Plants  do  not  display  integration  in  such  distinct  and 
multiplied  ways  as  do  animals.  But  its  advance  may  bo 
traced  both  directly  and  indirectly— directly  in  the  increas- 
ing co-ordination  of  actions,  and  indirectly  in  the  effect  of 
this  upon  the  powers  and  habits. 

Let  us  group  the  facts  under  these  heads :  ascending  in 
both  cases  from  the  lower  to  the  higher  types* 

§  284.  The  inferior  Alga^  along  with  little  unlikeness  of 
parts,  show  us  little  mutual  dependence  of  parts.  Haying 
surfaces  similarly  circumstanced  everywhere,  much  physio- 
logical diviuon  of  labour  cannot  arise ;  and  therefore  there 
cannot  be  much  physiological  unity.  Among  the  superior 
Alg^f  however,  the  differentiation  between  the  attached  part 
and  the  free  part  is  accompanied  by  some  integration*  There 
is  evidently  a  certain  transfer  of  materials,  which  is  doubtless 
facilitated  by  the  elongated  forms  of  the  cells  in  the  stem, 
and  probably  leads  to  the  formation  of  dense  tissue'  at  the 
places  of  greatest  strain,  in  a  way  akin  to  that  recently  ex- 
plained in  other  cases.  And  where  there  is  this  co-ordina- 
tion of  actions,  the  parts  are  so  far  mutually  dependent  that 
each  dies  if  detached   from   the  other.    That  though   the 
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organization  is  so  \o\r  neither  part  can  zeprodoee  the  other 
and  survive  by  so  doing,  is  probably  due  to  the  eircumstance 
that  neither  part  contains  any  considerable  stock  of  nntrans* 
formed  protoplasm,  out  of  which  new  tissues  may  be  pro* 
duced. 

Fungi  and  Lichens  present  no  very  significant  advances 
of  integration.  We  will  therefore  pass  at  once  to  the 
Acrogens.  In  those  of  them  which,  either  as  single  fronds 
or  strings  of  fronds,  spread  over  surfaces,  and  which,  rooting 
themselves  as  they  spread,  do  not  need  that  each  port  should 
receive  aid  from  remote  parts,  there  is  no  developed  vascular 
system  serving  to  facilitate  transfer  of  nutriment :  the  parts 
being  little  differentiated  there  is  but  little  integration.  ]iut 
along  with  assumption  of  the  upright  attitude  and  the  ac- 
companying specializations,  producing  vessels  for  distribu- 
ting sap  and  hard  tissue  for  giving  mechanical  support,  there 
arises  a  decided  physiobgical  division  of  labour ;  rendering 
the  aerial  part  dependent  on  the  imbedded  part  and  the  im- 
bedded part  dependent  on  the  aerial  part  Here,  indeed,  as 
elsewhere,  these  concomitant  changes  are  but  two  aspects  of 
the  same  change.  Always  the  gain  of  power  to  discharge  a 
special  function  involves  a  loss  of  power  to  perform  other 
functions ;  and  always,  therefore,  increased  mutual  dependence 
constituting  physiological  integration,  must  keep  pace  with 
that  increased  fitting  of  particular  parts  to  particular  duties 
which  constitutes  physiological  differentiation. 

Making  a  great  advance  among  the  Acrogens,  this  physio- 
logical integration  reaches  its  climax  among  Endogens  and 
Exogens.  In  them  we  see  interdependence  throughout 
masses  that  are  immense.  Along  with  specialized  appli* 
ances  for  support  and  transfer,  we  find  an  exchange  of  aid  at 
great  distances.  We  see  roots  giving  the  vast  aerial  growth 
a  hold  tenacious  enough  to  withstand  violent  winds,  and 
supplying  water  enough  even  during  periods  of  drought;  we 
see  a  stem  and  branches  of  corresponding  strength  for  op- 
holding  the  assimilating  organs  under  ordinary  and  extraor- 
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ponied  by  functional  indefiniteness.  Though,  considered 
oollectivelyy  these  Thallogens  form  "  three  rery  naturol 
groups,  according  as  they  inhabit  the  water,  the  earth,  or 
the  air ;"  yet  if,  instead  of  their  higher  members  we  look  at 
their  lower  members,  we  find  these  distinctions  of  habitat  very 
undecided.  Alga,  which  are  mostly  aquatic,  include  many 
small  forms  that  frequent  the  damp  places  preferred  by 
Lichens  and  Fungi,  Among  Lichens,  as  among  Fungi,  there 
are  kinds  that  lead  submerged  lives  like  the  Alga.  While 
terrestrial  Lichens  and  Fungi  compete  for  the  same  places,  as 
well  as  simulate  one  another's  modes  of  growth.  Besides 
this  indistinctness  of  the  classes,  there  is  great  variability  in 
the  shapes  and  modes  of  life  of  their  species — a  variability 
so  great  that  what  were  at  first  taken  to  be  difieront  species, 
or  difierent  genera,  or  even  different  orders,  have  proved  to 
be  merely  varieties  of  one  species.  So  inconstant  in  struc- 
ture are  the  Aiga  that  Schleiden  quotes  with  approval  tho 
opinion  of  Kutzing,  that  ''  there  ore  no  species  but  merely 
forms  of  Aiga"  Li  all  which  groups  of  facts  we  see  that 
these  lowest  types  of  plants,  little  differentiated,  are  also  but 
little  integrated. 

Acrogens  present  a  parallel  relation  between  the  small 
specialization  of  functions  which  constitutes  physiologicul 
differentiation,  and  the  small  combination  of  functions  which 
constitutes  physiological  integration.  "Mosses,"  says  Air. 
Berkeley,  "are  no  less  variable  than  other  cryptogam.^, 
and  are  therefore  frequently  very  difficult  to  distinguisli. 
Not  only  will  the  same  species  exhibit  great  diversity 
in  the  size,  mode  of  branching,  form  and  nervation  of  tho 
leaves,  but  the  characters  of  even  the  peristome  itself  are 
not  constant."  And  concerning  the  classification  of  tho 
remaining  group,  Fiiicales,  he  says: — "Not  only  is  there 
great  difficulty  in  arranging  ferns  satisfactorily,  but  it  is 
even  more  difficult  to  determine  the  limits  of  species." 

After  this  vagueness  of  separation  as  well  as  inconstancy 
^{  structure  and  habit  among  tho  lower  plants,  the  stability 
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80  brittle  that  they  are  easily  snapped  by  the  wind,  send 
forth  from  their  ^ges  when  they  fall  to  the  ground,  buds 
that  root  themselves  and  grow  into  independent  plants.  The 
correlation  here  obviously  furthering  the  preservation  of  the 
race,  is  more  definitely  establuihed  in  another  species  of  the 
genus— -J?,  proli/erum.  This  plant,  shooting  up  to  a  consider- 
able height,  and  having  a  stem  containing  but  little  woody 
fibre,  habitually  breaks  near  the  bottom  while  still  in  flower ; 
and  is  thus  generally  prevented  from  ripening  its  seeds.  The 
multiplication  is,  however,  secured  in  another  way.  Before 
tho  stem  is  broken  young  plants  have  budded  out  from  the 
pedicels  of  the  flowers,  and  have  grown  to  considerable  lengths ; 
and  on  the  fall  of  the  parent  they  forthwith  commence  their 
separate  lives.  Here  natural  selection  has  established  a 
remarkable  kind  of  co-ordination  between  a  special  habit  of 
growth  and  decay,  and  a  special  habit  of  proliferation. 

§  285.  The  advance  of  physiological  integration  among 
plants  as  we  ascend  to  the  higher  types,  is  implied  by  their 
greater  constancy  of  structure,  as  well  as  by  the  stricter  limi- 
tation of  their  habitats,  and  modes  of  life.  **  Complexity  of 
structure  is  generally  accompanied  with  a  greater  tendency 
to  permanence  in  form,"  says  Dr.  Hooker;  or,  conversely, 
"  the  least  complex  are  also  the  most  variable."  This  is  the 
second  aspect  under  which  we  have  to  contemplate  the  fiwts. 

The  differences  between  the  simpler  A/gm  and  Hmgi^  and 
between  them  and  the  Lichens,  are  so  feebly  marked  that 
botanists  have  been  unable  to  frame  satisfactory  definitions 
of  these  classes.  **  Linnsdus,  for  instance,  and  Jussien,  con* 
sideied  Lichens  as  forming  a  part  of  Alga,  in  which  they 
are  followed  by  Fries."  Mr..  Berkeley,  however,  quoting  the 
admission  of  Fries  ''  that  there  is  no  certain  distinction  be- 
tween Lichens  and  Fungi^  except  the  presence  in  the  former 
of  green  globules,  resembling  grains  of  chlorophyll,"  him- 
self prefers  to  unite  Fungi  and  Lichens  under  the  general 
head  of  Myeetaki.    This  structurol  indefiniteness  is  aocom- 
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ponied  by  functional  indefiniteness.  Though,  considered 
collectively^  these  ThoUogens  fonn  ''  three  yery  natural 
groupsy  according  as  they  inhabit  the  water,  the  earth,  or 
the  air ;"  yet  if,  instead  of  their  higher  members  we  look  at 
their  lower  members,  we  find  these  distinctions  of  habitat  very 
undecided.  Alga^  which  are  mostly  aquatic,  include  many 
small  forms  that  frequent  the  damp  places  preferred  by 
Lichens  and  Fungi,  Among  Lichens,  as  among  Fungiy  there 
are  kinds  that  lead  submerged  lives  like  the  Alga.  While 
terrestrial  Lichens  and  Fungi  compete  for  the  same  places,  as 
well  as  simulate  one  another's  modes  of  growth.  Besides 
this  indistinctness  of  the  classes,  there  is  great  variability  in 
the  shapes  and  modes  of  life  of  their  species — a  variability 
so  great  that  what  were  at  first  taken  to  be  different  species, 
or  different  genera,  or  even  different  orders,  have  proved  to 
be  merely  varieties  of  one  species.  So  inconstant  in  struc- 
ture are  the  A/ga  that  Schleiden  quotes  with  approval  tho 
opinion  of  Kutzing,  that  ''  there  are  no  species  but  merely 
forms  of  AlgaJ*  In  all  which  groups  of  facts  we  see  that 
these  lowest  types  of  plants,  little  differentiated,  are  also  but 
little  integrated* 

Acrogens  present  a  parallel  relation  between  the  smuU 
specialization  of  functions  which  constitutes  physiologicul 
differentiation,  and  the  small  combination  of  functions  which 
constitutes  physiological  integration.  "Mosses,"  says  ili*. 
Berkeley,  "are  no  less  variable  than  other  cryptogams, 
and  are  therefore  frequently  very  difficult  to  distinguish. 
Not  only  will  the  same  species  eidiibit  great  diversity 
in  the  size,  mode  of  branching,  form  and  nervation  of  tho 
leaves,  but  the  characters  of  even  the  peristome  itself  are 
not  constant."  And  concerning  the  classification  of  the 
remaining  group,  Filicaies,  he  says: — "Not  only  is  there 
great  difficulty  in  arranging  ferns  satisfactorily,  but  it  is 
even  more  difficult  to  determine  the  limits  of  species." 

After  this  vagueness  of  separation  as  well  as  inconstancy 
of  structure  and  habit  among  tho  lower  plants,  the  stability 
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of  Btnictiiie  and  haUt  and  dinnbOitjr  of  gnraps  amoog 
the  lugber  plants,  appear  xdatiTely  wiarkad  Though 
Phasnogams  are  mnch  more  Tariable  than  most  botantsta  haTr 
imtil  recently  aUowed,  yet  the  definitions  of  qpeeies  and 
genera  may  be  made  with  far  greater  precision  and  are 
far  leas  capoUe  of  change  than  among  Cryptogama. 
And  this  comparative  fixity  of  Qrpe,  implying,  as  it 
docs,  a  closer  combination  of  the  component  functions,  we 
see  to  be  the  accompaniment  of  the  greater  dilerentiation  of 
those  fonctiona  and  of  the  stmctores  performing  them.  That 
these  characters  are  correlatives  is  further  shown  by  the 
fact  that  the  higher  plants  are  more  restricted  in  their 
habitats  than  the  lower  plants,  both  in  space  and  time.  ''The 
much  narrower  delimitation  in  area  of  animals  than  plants," 
says  Dr.  Hooker,  ''and  greater  restriction  of  Fannas  than 
Floras,  shonld  lead  us  to  anticipate  that  plant  typea  are, 
geologically  speaking,  more  ancient  and  permanent  than  the 
higher  animal  types  are,  and  so  I  believe  them  to  be,  and  I 
would  extend  the  doctrine  even  to  plants  of  highly  complex 
structure.*'  "  Those  dasaes  and  orders  which  are  the  least 
complex  in  organization  are  the  most  widely  distributed." 

S  286.  Thus  that  which  the  general  doctrine  of  evolution 
leads  us  to  anticipate,  we  find  implied  by  the  facts.  The 
physiological  division  of  labour  among  parts,  can  go  on  only 
in  proportion  to  the  mutual  dependence  of  parts ;  and  the 
mutual  dependence  of  parts  can  progress  only  as  fast  as  there 
arise  structures  by  which  the  parts  are  efficiently  combined, 
and  the  mutual  utilization  of  their  actions  made  easy. 

To  say  definitely  by  what  process  is  brought  about  this 
co-ordination  of  functiona  which  accompanies  their  specializa- 
tion, is  hardly  practicable.  Direct  and  indirect  equilibration 
doubtless  co-operate  in  establishing  it.  We  may  see,  for 
example,  that  every  increase  of  fitness  for  function  produced 
in  the  aerial  part  of  a  plant  by  light,  as  well  as  every  increaae 
of  fitness  for  function  produced  in  its  imbedded  part  by  the 
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direct  oction  of  the  moiat  earth,  most  conduce  to  an  increased 
current  of  the  liquid  evaporated  from  the  one  and  supplied 
by  the  other — must  serve,  therefore,  to  aid  the  formatbn  of 
sap-channels  in  the  ways  already  described;  that  is-*must 
senre  to  dcTclop  the  structures  through  which  mutual  aid  of 
the  ports  is  giren :  the  additional  differentiation  tends  imme- 
diately to  bring  about  the  additional  integration.     Con- 
trariwise, it  is  obrious  that  an  interdependence  such  as  we 
see  between  the  secretion  of  honcv  and  the  fertilization  of 
germs,  or  between  the  deposit  of  albumen  in  the  cotyledons 
of  an  embryo-plant  and  the  subsequent  striking  root,  is  a  kind 
of  integration  in  the  acticms  of  the  indiridual  or  of  the 
species,  which  no  differentiation  has  a  direct  tendency  to 
initiate.     Hence  we  must  legazd  the  total  results  as  due  to  a 
plexus  of  influences  acting  simultaneously  on  the  indiridual 
and  oo  the  qpecies:  some  chiefly  affecting  the  one  and  aoma 
chiefly  oBecting  the  other* 


\ 
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CHAPTER  VI. 

DIFFERENTIATIONS  BETWEEN  THE  OUTER  AND  INNER 

TISSUES  OF  ANIMALS. 

§  287.  TVlat  was  said  respecting  the  primary  physiological 
differentiation  in  pknts,  applies  with  little  beyond  change  of 
terms  to  animals.  Among  Profazoa,  as  among  Protopkffia, 
the  first  definite  contrast  of  parts  that  arises  is  that  between 
outside  and  inside.  The  speck  of  jelly  or  sarcode  which  appears 
to  constitute  the  simplest  animali  provesi  on  closer  examina- 
tion, to  be  a  mass  of  substance  containing  a  nucleus — a 
periplast  in  the  midst  of  which  there  is  a  minute  endoplast, 
consisting  of  a  spherical  membrane  and  its  contents. 

This  paralleli  only  just  traceable  among  these  RhizopodK, 
which  are  perpetually  changing  the  distribution  of  their  outer 
substance,  becomes  at  once  marked  in  those  higher  Protozott 
which  have  fixed  shapes,  and  maintain  constant  relations 
between  their  surfaces  and  their  environments.  Indeed  the 
Rhizopods  themselves,  on  passing  into  a  state  of  quiescence 
in  which  the  relations  of  outer  and  inner  parts  are  fixed, 
become  encysted:  there  is  formed  a  hardened  outer  coot 
different  from  the  matter  which  it  contains.  And  what  m 
here  a  temporary  character  answering  to  a  temporary 
definiteness  of  conditions,  is  in  the  Infuaaria  a  constant 
character,  answering  definite  conditions  that  are  constant 
Each  of  these  minute  creatures,  though  not  coated  by  a  dis- 
tinct membrane,  has  the  outer  layer  of  its  sarcode  indurated : 
the  indurated  substance  being  not  separable  from  the  sub- 
stance inclosed,  but  passing  into  it  insensibly. 
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{  288.  The  early  establishment  of  this  primaiy  ccmtzast  of 
tissues  answering  to  this  primary  contrast  of  conditional  is  no 
less  conspicnons  in  aggregates  of  the  second  order.  The 
feebly-int^rated  units  of  a  Sponge,  with  indiTidnalities  so 
little  merged  in  that  of  the  whole  they  form  that  most  of 
them  still  retain  their  separate  activities^  nerertheless  show 
usy  in  the  onlikeness  that  arises  between  the  oatermost  layer 
and  the  contained  mass,  the  effect  of  conTerse  with  uulikc 
conditions.  This  outermost  layer  is  composed  of  nnits  some- 
what flattened  and  united  into  a  continuous  membrane — a 
kind  of  rudimentary  skin. 

Secondary  aggregates  in  which  the  lives  of  the  units  arc 
more  suboidinate  to  the  life  of  the  whole,  carry  this  dis- 
tinction further.  The  leading  physiological  trait  of  every 
coelenterate  animal  is  the  divisibility  of  its  substance  into 
esdoderm  and  ectoderm — ^the  part  next  the  food  and  the  part 
next  the  environment.  Fig.  147,  rudely  representing  a  por- 
tion of  the  body- wall  of  a  Hydra  seen  in  section,  gives  some 
idea  of  this  fundamental  differentiation.  The  creature  con- 
sists of  a  simple  sac,  the  cavity  of  which  is  in  direct  commu- 
nication with  the  surrounding  water ;  and  hence  there  is  but 
little  unlikeness  between  the  outer  and  inner  layers :  indeed 
they  are  said  to  be  capable  of  exchanging  their  functions. 
The  essential  contrast  is  that  between  the  parts  in  contact 
with  foreign  substances  and  the  parts  sheltered  from  them — 
between  the  developed  surfaces  of  the  endoderm  and  ectoderm, 
and  that .  intermediate  stratum  of  nucleated  sarcode  from 
which  the  two  grow  in  opposite  directions. 

Between  this  case  and  the  case  of  the  Sponge,  we  may 
readily  trace  the  connexion.  Suppose  a  mass  of  AuuBba*torm 
tmits,  the  outermost  of  which  are  united  into  a  layer  analogous 
to  that  by  which  a  living  Spcmge  is  covered,  to  be  represented 
by  a  lump  of  plastic  clay ;  and  for  convenienoe  of  identifica- 
tion, suppose  the  surface  of  the  clay  to  be  coated  by  an 
extensible  film,  say  of  caoutchouc.  Let  this  clay,  so  coated, 
be  moulded  into  the  shape  of  a  cup ;  the  cup  be  gradually 
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deepened  until  it  becomes  jar-shaped ;  and  finally,  bjnarroir- 
ing  its  neck,  Tase-shaped.  And  oonceiTe  tlie  stretched  Sim 
to  continue  everywhere  covering  the  surface  during  these 
changes  of  form.  What  will  finally  be  tho  relations  of  the 
parts  to  one  another?  The  caoutchouc  will  line  the  inside  of 
the  vase  as  well  as  coat  its  outside.  The  vase  will  consist  of 
a  stratum  of  the  clay  included  between  the  two  India-rubber 
surfaces.  TVe  shall  have  a  distribution  of  layers  answering 
completely  to  the  distribution  of  tissues  in  the  Kydra.  Now 
if  we  imagine  that  this  artificial  layer  which  has  covered  the 
chty  during  its  changes  of  form,  is  produced  by  transforma- 
tion of  the  clay,  we  shall  see  that  when  the  mass  is  changed 
into  the  vase-shape,  the  surfaces  that  have  become  outer  and 
inner  will  develop  in  opposite  directions  from  the  substance 
lying  between  them ;  just  as  do  the  Hydrd^  ectoderm  and 
endoderm.  And  if,  once  more,  wo  conceive  these  outer  and 
inner  surfaces  so  resulting,  to  be  afiected  by  conditions  some- 
what unlike— the  one  by  matters  placed  in  the  jar,  and  the 
other  by  the  medium  surrounding  the  jar — ^we  shall  have,  in 
the  slight  difference  produced  between  them,  a  di£brenoe 
corresponding  to  that  between  the  surfaces  of  the  Sydraf% 
stomach  and  skin. 

Besides  being  able  thus  to  understand  how  an  aggregate 
of  AfMBba-torm  units,  originally  coated  by  a  single  layer, 
may  pass  into  an  aggregate  composed  of  a  double  layer ;  we 
may  also  understand  under  what  influences  the  transition 
takes  place.  If  the  habit  which  some  of  the  primary  aggre- 
gates have,  of  wrapping  themselves  round  masses  of  nutri- 
ment, is  followed  by  a  secondary  aggregate,  there  will 
naturally  arise  just  that  re-differentiation  which  the  Hydra 
shows  us.      ^ 

§  289.  These  duplicated  surfaces  which  we  see  in  every  simple 
coelenterate  animal,  are  rc-duplicated  in  all  animals  of  higher 
classes — the  more  developed  Ccelenteraia  themselves  showin;» 
us  the  transition.     **  Compared  with  the  Eydroid  Polypes,'' 
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says  Prof.  Huxley,  "  the  higher  forms  ore  double  animoLiy 
and  a  aectioa  of  their  bodies  is,  morphologically  speaking,  like 
a  sectioa  of  tvro  Hydrmt  one  contained  within  the  other." 
The  relations  of  the  parts  may  be  illustrated  thus: — Cut  off 
the  finger  of  a  leather  glove  that  has  a  lining ;  and  let  the 
leather  and  the  lining  represent  the  ectoderm  and  endodcrm 
of  a  Hydra.  Thrust  the  point  of  the  glove- finger  back  into 
the  cavity,  until  the  introverted  portion  comes  out  beyond 
the  open  end.  Cut  off  the  projecting  apex  of  the  introverted 
portion  level  with  the  edges  of  the  open  end ;  and  then  unite 
the  edges  of  the  introverted  portion  and  the  outer  portion. 
The  arrangement  of  structures  will  then  typify  that  which  is 
common  to  all  animals  except  the  Protozoa  and  the  lower 
Ccelenierata  :  the  introverted  part  representing  the  alimentary 
canal ;  the  outer  part  representing  the  body- wall ;  and  the 
closed  cavity  between  the  two  representing  the  peri* visceral 
sac.  This,  however,  is  not  the  whole  parallelism.  If  in  the 
glove-finger,  representing  in  its  original  form  the  Hydra^  we 
suppose  the  leather  standing  for  the  ectoderm  to  be  growing 
outwards,  and  the  lining  standing  for  the  endoderm  to  be 
growing  inwards,  then  if  in  the  part  that  is  introverted  the 
same  relations  of  growth  are  maintained,  it  is  manifest  that 
of  its  two  layers  the  one  which  was  outermost  and  is  now 
innermost,  will  grow  towards  the  open  cavity  which  stands 
for  the  alimentary  canal,  while  the  other  layer  will  grow 
towards  the  closed  cavity  standing  for  the  peri- visceral  sac. 
And  these  are  the  directions  of  growth  actually  found  in  the 
parts  thus  synibolized. 

This  simile  must  not  have  more  meaning  given  to  it  than 
is  intended.  Though  there  is  reason  for  suspecting  that  a 
re-duplication  has  taken  place  in  the  coarse  of  evolution,  and 
that  the  peri-visceral  sac  which  distinguishes  all  the  higher 
classes  of  animals  from  the  lower,  has  been  formed  by  it ;  yet 
the  method  of  re-duplication  cannot  have  been  anything  like 
that  described ;  and  has  probably  been  so  different  a  one  as 
to  negative  the  implied  homologies  of  the  layers.    The  iUus- 
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tratiou  is   here  used  merely  to  coavey,  in  a  way  easy  to 
follow,  aa  idea  of  the  relations  between  outer  and  inner 
tissuesy  aa  they  exist  in  the  more  complex  animala.    The  two 
facts  which  we  have  to  note  are  these : — ^First  that,  as  Prof. 
Huxley  points  out  in  his  essay  on  *'  Tegumentary  Organs/' 
the  course  of  differentiation  in  the  body- wall  of  tho  Hydra^  is 
paralleled  by  the  course  of  differentiation  in  tho  skin  of  every 
more  complex  animal  up  to  the  highest  mammal.    Between 
the  epidermis  and  the  derma  there  is  a  layer  of  indifferent 
tissue  corresponding  to  tho  layer  that  lies  between  the  endo- 
derm  and  ectoderm  of  the  Hydra  ;  and  from  this  layer,  as 
from  its  homologue,  the  differentiations  proceed  in  opposite 
directions.    Though  the  resulting  two  layers,  exposed   to 
more  unlike  conditions  than  those  of  the  Hydra,  are  more 
unlike  one  another,  yet  we  see  in  them  essentially  tho  same 
course  of  metamorphosis  and  the  same  subordination  of  it  to 
the  relations  of  outside  and  inside.     In  the  second  place,  wo 
have  to  note  that  the  wall  of  the  alimentary  canal,  though  it 
is  in  one  sense  internal  by  contrast  with  the  skin  as  external, 
and  is  correspondingly  differentiated  from  the  skin,  is  in 
another  sense  like  the  skin,  in  haying  one  surface  in  contact 
with   foreign  substances  (presented  as  food)  and  the  other 
surface  in  contact  with  the  living  substance  of  the  body ;  and 
that  consequently  it  undergoes,  like  the  sldn,  a  differentia- 
tion into  two  layers,  one  growing  towards  the  relatively 
external  or  food-containing  cavity,  and  the  other  towards  the 
rigorously  internal  cavity — the  closed  peri-visceral  sac. 

§  290.  Whether  direct  equilibration  or  indirect  equilibrar 
tion  has  had  the  greater  share  in  producing  this  universally* 
present  contrast  between  the  inner  and  outer  tissues  of 
animals,  must  be  left  undecided.  The  two  causes  have  all 
along  co-operated — modification  of  the  individual  accumu- 
lated by  inheritance  predominating  in  some  cases,  and  in 
other  cases  modification  of  the  race  by  survival  of  the  inci- 
dentally fittest.    On  the  one  hand,  the  action  of  the  medium 
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on  the  organism  cannot  fail  to  change  its  surface  more 
than  its  centre,  and  so  differentiate  the  two ;  while  on  the 
other  handy  the  snrfSues  of  organisms  inhabiting  the  same 
mediom  display  extreme  nnlikenesses  which  cannot  be  due  to 
the  iw>w**»*ii«»^  actions  of  their  medium.  Let  us  dwell  a 
moment  on  the  antithesis. 

We  hare  abundant  eyidence  that  animal  protoplasm  is 
rupidly  modified  by  light,  heat,  air,  water,  and  the  salts 
contained  in  water— coagulated,  turned  from  soluble  into  in* 
soluble,  partially  changed  into  isomeric  compounds,  or  other- 
wise chemically  altered*  Immediate  metamorphoses  of  this 
kind  are  often  obviously  produced  in  ova  by  changes  of  their 
media.  At  the  outset,  theroforo,  before  yet  there  existed 
any  such  differentiation  as  that  which  now  usually  arises  by 
inheritance,  these  environing  agencies  must  have  tended  to 
originate  a  protective  envelope.  For  a  modification  produced 
by  them  on  the  superficial  part  of  the  protoplasm,  must 
either  have  been  a  decomposition  or  else  the  fonnation  of  a 
compound  that  remained  stable  under  their  subsequent  action. 
There  would  be  generated  an  outer  layer  of  substance  that 
was  so  molecularly  immobile  as  to  be  incapable  of  further 
metamorphoses,  while  it  would  shield  the  contaiued  proto- 
plasm from  that  too  great  action  of  external  forces  which,  by 
rapidly  changing  the  unstable  equilibrium  of  its  molecules 
into  a  relatively  stable  equilibrium,  would  arrest  development. 
Evidently  organic  evolution,  whether  individual  or  general, 
must  always  and  everywhere  have  been  subordinate  to  these 
physical  necessities.  Though  natural  selection,  beginning 
with  minute  portions  of  protoplasm,  must  all  along  have 
tended  to  establish  a  molecular  composition  apt  to  undergo 
this  differentiation  of  surface  from  centre  to  the  most  &vour- 
able  extent;  yet  it  must  oil  along  have  done  so  while  con- 
trolled by  this  process  of  direct  equilibration. 

Contrariwise,  the  many  and  great  nnlikenesses  among  the 

dcmud  structures  of  creatures  inhabiting  the  same  element, 

cannot  be  ascribed  to  any  such  cause.   The  contrasts  between 
Vol.  IL  IS 
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naked  and  shelled  Gastropods,  between  marine  Worms  and 
Grostaceans,  between  soft-skinned  Fish  and  Fish  in  armonr  like 
the  Ptericlhy9t  must  have  been  produced  entirely  by  natural 
selection.  Environing  forces  are,  as  before,  the  ultimate 
causes ;  but  the  forces  are  now  not  so  much  those  exercised 
by  the  medium  as  those  exercised  by  the  other  inhabitants  of 
the  medium  ;  and  they  do  not  act  by  modifying  the  surface 
of  the  individual,  but  by  killing  off  individuals  whose  surfaces 
are  least  fitted  to  the  requirements :  thus  slowly  affecting  the 
species.  The  dermal  skeleton  bristling  with  spines,  which 
protects  the  Diodon  or  the  CycUcthys  from  enemies  it  could 
not  escape,  still  comes  within  the  geneml  formula  of  an  outer 
tissue  differentiated  from  inner  tissues  by  the  outer  actions  to 
which  the  creature  is  exposed — ^the  differentiation  having 
gone  on  until  there  is  equilibrium  between  the  destructive 
forces  to  be  met  and  the  protective  forces  which  meet  them. 

If  we  venture  to  apportion  the  respective  shares  which 
mediate  and  immediate  actions  have  had  in  differentiatmg 
outer  from  inner  tissues,  we  shall  probably  not  be  for  wrong 
in  ascribing  that  part  of  the  process  which  is  alike  in  all 
animals,  mainly  to  the  direct  actions  of  their  media ;  while 
we  ascribe  the  multitudinous  unlikenesses  of  the  process  in 
various  animals,  partly  to  the  indirect  actions  of  the  media, 
and  partly  to  the  indirect  actions  of  other  animals  by  which 
the  media  are  inhabited.  That  is  to  say,  while  assigning  the 
specialities  of  the  differentiations  to  the  specialities  of  oon- 
Terse  with  the  agencies  in  the  environment,  most  of  them 
organic,  we  may  assign  to  the  constant  and  universal  con- 
verse with  its  inorganic  agencies,  that  universal  characteristio 
of  tegumentary  structures — their  development  into  a  doable 
layer  separated  by  imdifferentiated  substance,  from  which  the 
outermost  grows  outwardly  and  the  innermost  grows  in* 
wardly. 

Here  let  me  add  a  piece  of  evidence  which  strengthens 
very  greatly  the  general  argument,  at  the  same  time  that  it 
justifies  this  apportionment.   When  ulceration  has  gone  deep 
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cnoagh  to  destroy  the  t^umentary  struotures,  these  are  never 
^reprodaoed.  The  puckered  sarface  formed  where  on  ulcer 
heels,  consists  of  modified  connectire  tissue,  trhich,  as  the 
healing  goes  on,  spreads  inwards  from  the  edges  of  the  ulcer 
— some  of  it,  perhaps,  growing  from  the  portions  of  connective 
tissue  that  dip  down  between  the  muscukr  bundles.  This 
connective  tissue,  mark,  out  of  which  is  thus  constituted  tho 
mako-shift  skin,  is  normally  covered  by  both  tho  epidermis 
and  that  stratum  of  indifferent  tissue  from  which  the  growth 
proceeds  in  opposite  directions — is  the  inner  layer  that  grows 
inwardly.  What  has  happened  to  it  P  It  has  now  become 
the  outermost  layer.  And  how  does  it  comport  itself  under 
its  new  conditions?  It  produces  a  layer  that  plays  the  part 
of  epidermis  and  grows  outwardly.  For  since  tho  surtacc, 
subject  to  friction  and  exfoliation,  has  to  bo  continually 
renewed,  there  must  be  a  continual  reproduction  of  a  super- 
ficial layer  from  a  layer  beneath.  That  is  to  say,  the  con- 
tact of  this  deep-seated  tissue  with  outer  agencies,  produces 
in  it  some  approach  towards  that  composition  which  we  find 
universally  characterizes  outer-tissue^-a  protomorphio  layer, 
wliich  differentiates  in  opposite  directions.  But  while  we  see 
under  this  exposure  to  the  conditions  common  to  all  integu- 
ment, a  tendency  to  assume  the  structure  common  to  all 
integument,  we  see  no  tendency  to  assume  any  of  the 
specialities  of  tegumentary  structure :  no  rudiments  of  glands 
or  hair  sacs  make  their  appearance. 

This  apportionment  we  shall  see  the  more  reason  to  accept 
as  approximately  expressing  the  truth,  on  remembering  that 
the  mode  of  differentiation  of  outer  from  inner  tissues  which 
is  common  to  all  animals  is  common  to  all  plants;  and 
on  observing,  further,  that  the  more  special  interpretation 
suggested  as  not  improbable  in  the  ease  of  plants,  is  not 
improbable  in  the  case  of  animals.  For  as  it  was  argued 
that  in  plants  the  forces  evolved  from  within  the  organism, 
and  the  forces  falling  on  it  from  without,  must  have  some 
place  between  centre  and  surface  at  which  they  balance ;  and 
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that  at  this  place  will  lie  the  unstable  protoplasm  that 
develops  outwardly  into  a  substance  which  is  stable  in  face 
of  outer  forces,  and  inwardly  into  a  substance  which  is  stable 
in  face  of  inner  forces ;  so  in  animals,  we  may  regard  this 
universally-present  layer  whence  epidermis  grows  outwardly 
and  connective  tissue  inwardly,  as  similarly  the  place  of 
equilibrium  between  these  antagonist  forces.  And  for  this 
d  priori  interpretation  we  may  indeed,  among  animals,  find 
d  posteriori  warrant.  We  have  but  to  increase  the  mechanical 
action  or  chemical  irritation  at  some  part  of  an  animal's 
surface,  to  make  this  plane  of  indifferent  tissue  retreat  in- 
wardly ;  for  to  say  that  the  epidermis  becomes  thicker,  is,  in 
mechanical  terms,  to  say  that  the  place  of  equilibrium  between 
outer  and  inner  forces  is  further  from  the  surfiEicc. 


CHAPTER  VIL 

DlFFEREJfTUTIONS  AMOXO  THE  OUTER  TISSUES  OF  ANIMAIA 

§  291.  The  outer  tissaes  of  animals,  originally  homo* 
geneous  over  their  whole  sarfaces,  pass  into  a  heterogeneity 
which  fits  their  respective  parts  to  their  respective  conditions. 
So  numerous  and  varied  are  the  implied  differentiations,  that 
it  is  impracticable  here  to  deal  with  them  all  even  in  outline. 
To  trace  them  up  through  classes  of  animals  of  increasing 
degrees  of  aggregation,  would  carry  us  into  undue  detaiL 

Did  space  permit,  it  would  be  possible  to  point  out  among 
the  Protozoa  J  yarious  cases  analogous  to  that  of  the  Areella; 
which  may  be  described  as  like  a  microscopic  Limpet,  having 
a  sarcode  body  of  which  the  upper  surface  has  become  horny, 
while  the  lower  surface  with  its  protruding  pseudopodia, 
retains  the  primitive  jelly-like  character.  That  differentia- 
tions of  this  kind  have  been  gradually  eitablishod  among 
these  minute  creatures  through  the  unlike  relationi  of  their 
parts  to  the  environment,  is  an  inference  supported  by  cases 
like  that  of  PampJiaguB — an  intermediate  form  which  is  liko 
the  Anksba  in  having  no  carapace,  but  "  agrees  with  Areella 
and  Difflugia  in  having  the  pseudopodia  protrusible  from  one 
extremity  only  of  the  body/' 

Many  parallel  specializations  of  surface  among  aggregates 
of  the  second  order  might  be  instanced  from  the  Cwlenterata. 
In  the  Hi/dra,  the  ectoderm  presents  over  its  whole  area  no 
conspicuous  unlikenesses ;  but  there  usually  exist  in  the 
hydroid  polypes  of  superior  types,  decided  contrasts  between 
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the  higber  and  lo\rer  parts.  While  the  higher  parts  retain 
their  original  characters,  the  lower  parts  excrete  hard  outer 
layers  yielding  support  and  protection.  Various  stages  of 
the  differentiation  might  be  followed.  "In  EfjdracUnia," 
says  Prof.  Green,  this  homy  layer  "becomes  elevated  at 
intervals  to  form  numerous  rough  processes  or  spines,  while 
over  the  general  surface  of  the  ectoderm  its  presence  is 
almost  imperceptible.''  In  other  types,  as  in  Cordyhphora, 
it  spreads  part  way  up  the  animal's  sides,  ending  indefinitely. 
In  Bimeria  it  "  extends  itself  so  as  to  enclose  the  entire  body 
of  each  polypite,  leaving  bare  only  the  mouth  and  tips  of  the 
tentacles."  While  in  Campanuhria  it  has  become  a  partially- 
detached  outer  cell,  into  which  the  creature  can  retract  ils 
exposed  parts. 

But  it  is  OS  needless  as  it  would  be  wearisome  to  trace 
through  the  several  sub-kingdoms  the  rise  of  these  multiform 
contrasts,  with  the  view  of  seeking  interpretations  of  them. 
It  will  suffice  if  we  take  a  few  groups  of  the  illustrations 
furnished  by  the  higher  animals. 

§  292.  We  may  begin  with  those  modifications  of  surface 
which  subserve  respiration.  Though  we  ordinarily  think  of 
respiration  as  the  quite  special  function  of  a  quite  special 
organ,  yet  originally  it  is  not  so.  Little- developed  animals 
part  with  their  carbonic  acid  and  absorb  oxygen,  through  the 
general  surface  of  the  body.  Even  in  the  lower  types  of  the 
higher  classes,  the  general  surface  of  the  body  aids  largely  in 
aerating  the  blood  ;  and  the  parts  that  discharge  the  greater 
port  of  this  function  are  substantially  nothing  more  than 
slightly  altered  and  extended  portions  of  the  skin. 

Such  differentiations,  marked  in  various  degrees,  are  to  be 
seen  among  Moliusca.  In  the  Pieropoda  the  only  modification 
which  appears  to  facilitate  respiration,  is  the  minute  vascularity 
of  one  part  of  the  skin.  In  other  types  the  specialized  parts 
facilitating  the  exchange  of  gases,  are  those  simple  but 
numerous  expansions  of  surface  constituting  the   papilltb; 
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wliichy  in  the  Eolia  and  Idnda  allied  to  it,  are  distributed  in 
rows  or  clusters  all  along  the  back.  Instead  of  these,  the 
Doris  has  appendages  developed  into  elaborately-branched 
forms — small  trees  of  blood-vessels  covered  by  slightly- 
changed  dermal  tissues.  And  these  arborescent  branchise  are 
gathered  together  into  a  single  cluster.  Thus  there  is 
evidence  that  large  external  respiratory  organs  have  arisen 
by  degrees  from  simple  skin :  as,  indeed,  they  do  arise  during 
the  development  of  each  individual  having  them.  Just  as 
gradually  as  in  the  embryo  the  simple  bud  on  the  integu- 
ment, with  its  contained  vascular  loop,  passes  by  secondary 
buddings  into  a  tree-like  growth  penetrated  everywhere  by 
dividing  and  sub-dividing  blood-vessels;  so  gradually  has 
thero  probably  proceeded  the  differentiation  which  has  turned 
part  of  the  outer  surface  into  an  organ  for  excreting  carbonic 
acid  and  absorbing  oxygen. 

Certain  inferior  vertebrate  animals  present  us  with  a  like 
metamorphosis  of  tissues.  These  are  the  Amphibia.  The 
branchifls  here  developed  from  the  skin  are  covered  with  cel- 
lular epidermis,  not  much  thinner  than  that  covering  the  rest 
of  the  body.  Like  it  they  have  their  surfaces  speckled  with 
pigment-cells ;  and  are  not  even  conspicuous  by  their  extra 
vascularity — where  they  are  temporary  at  least.  They  facili- 
tate the  exchange  of  gases  in  scarcely  any  other  way  than  by 
affording  a  larger  area  of  contact  with  the  water,  and  inter- 
posing a  rather  thinner  layer,  of  tissue  between  the  water 
and  the  blood-vessels.  Those  very  simple  branchis  of  the 
larval  Amphibia  that  have  them  but  for  a  short  time, 
graduate  into  the  more  complex  ones  of  those  that  have  them 
for  a  long  time  or  permanently ;  showing,  as  before,  the  small 
stages  by  which  this  heterogeneity  of  surface  accompanying 
heterogeneity  of  function  may  arise. 

In  what  way  are  such  differentiations  established  P  Partly, 
no  doubt,  by  natural  selection ;  but  also  to  some  degree,  I 
think,  by  the  inheritance  of  direct  adaptations.  That  a  por- 
tion of  the  integument  at  which  aeration  is  favoured  by  local 
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oonditioxiBy  should  thereby  be  led  to  grow  into  a  larger 
sarface  of  aeration,  appears  improbable :  sarvival  of  those 
indiTidiials  which  happen  to  have  this  portion  of  the  integu- 
ment somewhat  more  developed,  seems  here  the  only  likely 
cause.  Nevertheless  there  is  reason  for  suspecting  that 
respiratory  activity  itself  aids  in  the  development  of  a  re- 
spiratory appendage.  The  reason  is  this.  Exchange  of  liquids 
through  membrane  depends  on  some  difference,  physical  or 
chemical,  between  the  liquids:  if  they  are  in  all  respects 
alike,  and  under  equal  pressures,  no  exchange  will  take  place ; 
while,  conversely,  if  they  are  much  unlike  there  will  be  a 
rapid  exchange.  Now  through  the  waUs  of  capillaries,  or 
through  the  sides  of  lacunae  not  yet  developed  into  capillaries, 
there  continually  goes  on  an  oozing  both  ways — from  the 
blood  into  the  tissues  and  from  the  tissues  into  the  blood. 
By  this  double  movement  nutrition  and  depuration  are  alike 
made  possible ;  and  it  is  obvious  both  that  in  the  absence  of 
difference  it  would  not  occur,  and  that  nothing  would  be 
gained  if  it  did  occur.  Among  other  differences  continually 
arising  between  the  intra-vascular  liquid  and  the  extra- 
vascular  liquid,  is  that  due  to  their  unlike  charges  of 
oxygen  and  carbonic  acid.  This  difference,  like  other  differ- 
ences, will  cause  exchange — the  rapidity  of  the  exchange 
doubtless  being  greater  where  the  di£Eerence  is  greater. 
Hence  if  any  part  of  an  aquatic  animal's  skin  is  neorest  to 
the  place  where  the  blood  has  become  most  highly  carbonized, 
or  if  it  is  so  bathed  with  moving  water  that  the  plasma 
beneath  its  surface  is  more  oxygenated  than  elsewhere,  or 
both  ;  then,  other  things  equal,  this  part  of  the  skin  will  be 
the  seat  of  an  osmotic  movement  greater  than  goes  on  in  the 
rest  of  the  skin.  But  the  exchange  of  oxygen  for  carbonic 
acid,  proceeding  faster  here  than  elsewhere,  will  have  for  its 
accompaniment  a  more  rapid  exudation  of  nutritive  matters. 
The  liquid  passing  out  of  the  blood-vessels  to  be  replaced  by 
the  liquid  passing  into  them,  is  a  liquid  containing  the 
substances  that  build   up  the  surrounding  tissues.    Henco 
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these  tissaes  may  be  expected  to  grow :  the  area  supplied  by 
the  increased  currents  of  blood  set  up  by  this  exchange,  will 
become  protuberant— will  bud  out ;  and  the  bud  so  formc«i 
will  give  origin  to  secondary  buds  at  those  parts  of  its  surface 
which,  OS  before,  are  most  favourably  circumstanced  for 
carrying  on  the  aeration.  Of  course  this  process  will  bo 
checked  where,  though  otherwise  advantageously  placed,  the 
growing  branchias  would  bo  specially  liable  to  damage,  or 
would  be  great  hindrances  to  the  creature's  movements.  But 
bearing  in  mind  that  functionally-produced  adaptation  will 
here,  as  in  other  cases,  be  both  aided  and  controlled  by 
natural  selection,  we  may  ascribe  to  it  an  important  share,  if 
not  a  leading  share,  in  the  differentiation. 

§  293.  Among  the  conspicuous  modifications  by  which  the 
originally-uniform  outer  layer  is  rendered  multiform,  are  the 
protective  structures.  Let  us  look  first  at  the  few  cases  in 
which  the  formation  of  these  is  ascribable  mainly  to  direct 
equilibration. 

Already  reference  has  been  more  than  once  made  to  thoso 
thickenings  that  occur  where  the  skin  is  exposed  to  unusual 
pressure  and  friction.  Are  these  adaptations  inheritable  P 
and  may  they,  by  accumulation  through  many  generations, 
produce  permanent  dermal  structures  fitted  to  permanent  ox 
frequently-recurring  stress  P  Taking,  for  instance,  the  cal- 
losities on  the  knuckles  of  the  Ooriiia,  which  are  adapted  to 
its  habit  of  partially  supporting  itself  on  its  closed  hands 
when  moving  along  the  ground — shall  we  suppose  that  these 
defensive  thickenings  are  produced  afresh  in  each  individual 
by  the  direct  actions ;  or  that  they  are  inherited  modifica- 
tions caused  by  such  direct  actions ;  or  that  they  are  wholly 
due  to  the  natural  selection  of  spontaneous  variations  P 
The  last  supposition  does  not  seem  a  probable  one ;  since  it 
implies  that  those  slight  extra  thicknesses  of  skin  on  the 
knuckles,  with  which  we  must  suppose  the  selection  to  have 
commenced,  were  so  advantageous  as  to  cause  survivals  of  the 
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individuals  having  them.  That  survivals  so  causedi  if  ihcj 
ever  occurred  at  all,  should  have  occurred  with  the  frequency 
requisite  to  establish  and  increase  the  variation,  is  hardly 
supposable.  And  if  we  reject,  as  also  unlikely,  the  repro- 
duction of  these  callosities  de  novo  in  each  individual, 
there  remains  only  the  inference  that  they  have  arisen 
by  the  transmission  and  accumulation  of  functional  adapta- 
tions. Another  case  which  seems  interpretabio 
only  in  an  analogous  way,  is  that  of  the  spurs  that  are 
developed  on  the  wings  of  certain  birds— on  thoso  of  the 
Chaja  screamer  for  example.  These  are  weapons  of  otBenco 
and  defence.  It  is  a  familiar  fact  that  many  birds  strike 
with  their  wings,  often  giving  severe  blows ;  and  in  tho 
birds  named,  the  blows  aro  made  more  formidable  by  tho 
homy,  dagger-shaped  growths  standing  out  from  those  points 
on  the  wings  which  deliver  them.  Are  theso  spurs  directly 
or  indirectly  adaptive  P  To  conclude  that  natural  selection 
of  spontaneous  variations  has  caused  them,  is  to  conclude 
that,  without  any  local  stimulus,  thickenings  of  tho  skin 
occurred  symmetrically  on  the  two  wings  at  the  places 
required ;  that  such  thickenings,  so  localized,  happened  to 
arise  in  birds  given  to  using  their  wings  in  fight ;  and  that 
on  their  first  appearance  the  thickenings  were  decided  enough 
to  give  appreciablo  advantages  to  the  individuals  distinguished 
by  them — advantages  in  bearing  the  reactions  of  the  blows  if 
not  in  inflicting  the  blows.  But  to  conclude  this  is,  I  think, 
to  conclude  against  probability.  Contrariwise,  if  we  assume 
that  the  thickening  of  the  epidermis  produced  by  habitual 
rough  usage  is  inheritable,  the  development  of  these  struc- 
tures presents  no  difficulty.  The  points  of  impact  would 
become  indurated  in  wings  used  for  striking  with  unusual 
frequency.  The  callosities  of  surface  thus  generated,  render- 
ing the  parts  less  sensitive,  would  enable  the  bird  in  which 
they  arose  to  give,  without  injury  to  itself,  more  violent  blows 
and  a  greater  number  of  them — so,  in  some  cases,  helping  it 
to  conquer  and  survive.     Among  its  descendants,  inheriting 
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the  modification  and  the  accompanying  habit,  the  thickening 
would  be  farther  increased  in  the  same  way — suryival  of  the 
fittest  tending  ever  to  occelerate  the  process.  Presently  the 
homy  nodes  so  formed,  hitherto  defensive  only  in  their 
effects,  would,  by  their  prominence,  become  offensive— would 
make  the  blows  given  more  hurtful.  And  now  natural 
selection,  aiding  more  actively,  would  mould  the  nodes  into 
spurs :  the  individuals  in  which  the  nodes  were  most  pointed 
would  be  apt  to  survive  and  propagate ;  and  the  pointednc«s 
generation  after  generation  thus  increased,  would  end  in  the 
well-adapted  shape  we  see. 

But  if  in  these  cases  the  differentiations  which  fit  particular 
parts  of  the  outer  tissues  to  bear  rough  usage,  are  caused 
mainly  by  the  direct  balancing  of  extcriiul  actions  by  in- 
ternal reactions,  then  we  may  suspect  that  the  like  is  true 
of  other  modifications  that  occur  where  special  strains  and 
abrasions  have  to  be  met.  Possibly  it  is  true  of  sundry  parts 
that  are  formed  of  hardened  epidermis,  such  as  the  nails, 
claws,  hoofs,  and  hollow  horns  of  Mammals  ;  "  all  of  which," 
says  Prof.  Huxley,  "  are  constructed  on  essentially  the  same 
plan,  being  diverticula  of  the  whole  integument,  the  outer 
layer  of  whose  ecderon  has  undergone  horny  metamorphosis." 
Ijeaving  open,  however,  the  question  what  tegumentary 
structures  are  due  to  direct  equilibration,  furthered  and  con- 
trolled by  indirect  equilibration,  it  is  tolerably  clear  thut 
direct  equilibration  has  been  one  of  the  factors. 

How  has  it  produced  its  effects  P  that  is  to  say— by  what 
physical  processes  do  pressure  and  friction  bring  about  dermul 
hurdenings  P  To  this  inquiry  there  is  an  answer  similar  to 
that  which  was  given  to  the  inquiry  respecting  the  formation 
of  wood.  (§  280-2.)  As  in  plants  we  saw  that  intermittent 
compressions  of  sap-canals  increase  the  exudation  of  sap,  and 
thus  cause  increased  deposits  of  its  contained  substances  in 
the  surrounding  tissues ;  so  in  animals,  we  have  good  reason 
for  concluding  that  intermittent  compressions  of  the  capil- 
laries increase  the  exudation  of  scrum,  and  by  thus  supplying 
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extra  nutriment  to  the  atractnrea  adjacent,  lead,  other  things 
•cquali  to  thickening  or  induration.  The  data  for  the  con- 
elusion  are  these : — ^Through  the  walla  of  the  capillaries  the 
liquid  plasma  of  the  blood  continually  oozes.  The  ooang 
is  partly  osmotic  and  partly  mechanical — ^partly  due,  that  is, 
to  the  exchange  of  the  unlike  liquids  that  lie  inside  and  out- 
side the  capillaries,  and  partly  to  the  greater  pressure 
put  upon  the  liquid  inside.  That  this  last  is  one  of 
the  causes  is  proved  by  the  phenomena  of  dropsy — a  diseasa 
in  which  the  exudation  is  unduly  rapid.  Dropsy  in  the  legs 
gets  worse  during  the  day,  when  by  sitting  and  standing  tho 
weight  of  the  blood  to  be  borne  by  the  yessels  of  the  li^  is 
increased ;  and  gets  better  during  the  night,  when  by  the 
recumbent  attitude  these  vessels  are  relieved  from  this 
weight.  Contrariwise,  that  osdematous  swelling  under  the 
eyes  which  is  common  in  the  aged  and  debilitated,  increases 
during  the  night  and  decreases  during  the  day — ^gravitation 
serving,  when  the  body  is  upright,  to  diminish  the  pressure  of 
the  blood  at  this  part,  and  not  having  this  effect  when  tho 
body  is  horizontal.  But  if  the  plasma  is  to  some  extent 
forced  through  the  walls  of  the  capillaries  by  pressure,  then 
not  only  will  the  action  of  the  heart,  aided  at  some  parts  by 
gravity,  further  the  exudation,  but  the  exudation  will  be 
furthered  by  external  pressures  from  time  to  time  falling  on 
the  capillaries.  If  the  capillaries  of  the  skin  be  squeezed 
by^  the  thrust  of  some  object  against  the  surface,  part  of  their 
contained  blood  will  be  driven  back  into  the  arteries,  more 
will  be  driven  forwards  into  the  veins,  and  some  will  be  made 
to  exude.  Immediately  they  are  relieved  from  the  pressure 
they  will  be  refilled  from  the  arteries,  again  to  yield  an  extra 
portion  of  their  contents  to  the  tissues  around  when  again 
squeezed.  Thus  recurrent  thrusts  or  impacts,  acting  on  the 
body  from  without,  aid  in  the  nutrition  of  the  parts  on  which 
they  fall :  producing,  in  some  cases,  a  node  upon  the  subjacent 
bone,  as  on  the  instep  where  a  boot  has  pinched ;  producing, 
in  other  cases,  growth  of  the  connective  tissue,  as  in  a  buniou ; 
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and  prodacing,  more  frequently,  thickening  of  the  epidermis.* 
It  is  no  doubt  tmo  that  the  sensation  which  pressure  causes, 
propagated  to  the  spinal  chord,  and  reflected  thence  through 
the  vaso- motor  nerve  going  to  the  spot,  aids  the  process 
by  exciting  a  wave  of  contraction  along  the  minuto  arteries, 
thereby  helping  them  to  refill  the  capillaries  the  instant  the 
pressure  is  taken  off;  and  doubtless,  as  alleged,  the  excessive 
exudation  that  forms  a  blister  when  the  intermittent  com- 
pressions are  violent  and  long-continued,  is  attributable  to 
this  reflex  nervous  action.  But  it  is  clear  that  the  nervous 
action  is  secondary,  and  cannot  of  itself  produce  the  effect ; 
for  ii  the  absence  of  intenniiient  pressure  no  exudation  takes 
place,  however  acute  and  persistent  the  sensation  may  be. 
Continued  pressure  produces  absorption  instead  of  exudation. 
In  animals  therefore,  as  in  plants,  the  external  mechanical 
actions  to  be  resisted,  arc  themselves  directly  instrumental  in 
working  in  the  tissues  they  fall  upon,  the  changes  which  fit 
those  tissues  to  meet  them.  And  it  needs  but  to  contemplate 
the  process  of  thickening  described,  to  see  that  it  will  go  on 
until  the  shield  produced  suffices  to  protect  the  capillaries 
from  excessive  pressures — will  go  on,  that  is,  until  there  is 
equilibrium  between  the  outer  and  inner  forces. 

%  294.  Dermal  structures  of  another  class  are  developed 
mainly,  if  not  wholly,  by  the  actions  of  external  causes 
oil    species    rather   than   on   individuals.     These    are    the 

*  An  inqniiy  into  the  causes  of  these  differences  of  result,  brings  further 
evidcDce  to  light.  The  condition  under  irhich  only  the  hypertrophy  can 
nrise,  is  that  the  pressure  intennita  sufSciently  to  sUow  the  capillaries  to 
refill  frequently.  The  epidermis  thickens  where  the  pressures  are  habitnally 
taken  off  so  completely,  that  the  capillaries  next  the  surface  can  refill,  as  in  the 
bands.  If  we  consider  what  happens  where  the  instep  is  pressed  by  a  tight 
boot,  wo  shall  see  that  the  Tariations  of  pressure  which  occur  in  walking,  do 
not  suffice  to  relieve  the  quite  superficial  vessels  and  allow  them  to  refill ;  but 
in  consequence  of  the  slight  mobility  and  elasticity  of  the  tissues,  the  Tessels 
at  some  dbtance  beneath  the  surface  are  able  to  refill,  and  hence  the  thicken- 
iog  occurs  round  them. 
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variouB   kinds  of   clothing — hairs,   feathersi    quilLsi  scalos 
scutes. 

Headers  who  aro  unfamiliar  with  the  extreme  modifiability 
of  organic  structures,  will  be  startled  by  the  proposition  that 
all  of  these — certainly  all  of  them  but  the  last,  respecting 
which  there  may  be  doubts — are  homologous  parts.     In- 
spection of  a  few  cases  makes  this  seemingly-incredible  pro- 
position not  simply  credible  but  obviously  true.  A  retrograde 
metamorphosis  from  feathers  to  appendages  that  are  almost 
scale-like,  is  well  seen  in  the  coat  of  the  Penguin.     Garry 
the  eye  along  the  surface  of  one  of  these  birds,  and  there  is 
manifest  a  transition  from  the  bird-like  covering  to  the  fish- 
like covering — a  transition  so  gradual  that  no  place  can  be 
found  where  an  appreciable  break  occurs.     Less  striking 
perhaps,  but  scarcely  less  significant,  are  the  modifications 
through  which  we  pass  from  feathers  to  hairs,  on  the  surfaces 
of  the  Ostrich  and  the  Cassowary.  The  skin  of  the  Porcupine 
shows  us  hairs  and  quills  united  by  a  series  of  intermediato 
structures,  difiering  from  one  another  inappreciably.    Even 
more  remarkable  is  the  extension  of  this  alliance  to  certain 
other  dermal  structures.     ''It  may  be  taken  as  certain,  I 
think,''  says  Prof.  Huxley,  "that  the  scales,  plates,  and 
spines  of  all  fishes  are  homologous  organs;  nor  as  less  so 
that  the  tegumentary  spines  of  the  Plagiostomea  are  homo- 
logous with  their  teeth,  and  thence  with  the  teeth  of  all 
vertebrata.    Again,  it  appears  to  mo  indubitable  that  the 
teeth  and  the  hairs  aro  homologous  organs." 

The  ultimate  justification  for  classing  these  unlike  parts  as 
divergent  modifications  of  the  same  thing,  is  the  unity  in 
their  modes  of  development.  Besides  a  linking  together  of 
them  by  intermediate  structures,  as  above  indicated,  there  is 
a  linking  together  by  their  common  origin.  To  quote  again 
from  Prof.  Huxley's  essay  on  "Tegumentary  Organs": — 
"  The  Haim  and  ifpines  of  mammals,  the  Feathers  of  birds, 
and  the  Integumeniartf  Glands^  agree  in  one  essential  point, 
that  their  development  is  preceded  by  that  of  an  involution 
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of  the  ecderon,  within  which  they  are  formed^  and  by  which 
the  former  are,  at  first,  entirely  enclosed."  And  though  the 
scales  of  fishes  and  the  dermal  pUtes  of  reptiles  present  diffi- 
cultiesy  yet  Prof.  Huxley  concludes  that  the  course  of  their 
development  is  at  first  essentially  the  same.  Some  idea  of  it, 
and  of  the  relations  it  proves  among  these  structures,  muy  be 
given  thus : — Suppose  a  small  pit  to  be  formed  on  the  pre- 
viously flat  skin ;  and  suppose  that  the  growth  and  costing 
off  of  horny  cells  which  goes  on  over  the  skin  in  general, 
continues  to  go  on  at  the  usual  rate  over  the  depressed  surfuco 
of  this  pit.  Clearly  the  quantity  of  horny  matter  produced 
within  this  hollow,  will  be  greater  than  that  produced  on  a 
level  portion  of  the  skin  subtending  an  equal  area  of  tlio 
animal's  outside.  Suppose  such  a  pit  to  be  deepened 
until  it  becomes  a  smuU  sac.  If  the  exfoliation*  goes  on  as 
before,  the  result  will  be  that  the  horny  matter,  expelled,  as 
it  must  be,  through  the  mouth  of  the  sac,  which  now  hours 
a  snuill  proportion  to  the  internal  surface  of  the  sac,  will  be 
large  in  quantity  compared  with  that  exfoliated  fi*om  a 
portion  of  the  skin  equal  in  area  to  the  mouth  of  the  sac : 
there  will  be  a  conspicuous  thrusting  forth  of  homy  matter. 
Suppose  once  more  that  the  sac,  instead  of  remaining  simple, 
has  its  bottom  pushed  up  into  its  interior,  like  the  bottom  of 
a  beer-bottle — the  introversion  being  carried  so  far  thut  tlie 
introverted  part  i*eaches  nearly  to  the  external  opening,  and 
leaves  scarcely  any  space  between  the  introverted  part  and 
the  walls  of  the  sac.  It  is  easy  to  see  that  the  exfoliation 
continuing  from  the  surface  of  the  introverted  part  as  well  as 
from  the  inside  of  the  sac  generally,  the  homy  matter  cost 
off  will  form  a  double  layer ;  and  will  come  out  of  the  sac 
in  the  shape  of  a  tube  having  within  its  lower  end  the  intro- 
verted part,  OS  the  core  on  which  it  is  moulded,  and  from  the 
apex  of  which  is  cast  off  the  substance  filling,  less  densely, 
its  interior.  The  stmcture  resulting  will  be  what  we  know 
as  a  hair.  Manifestly  by  progressive  enlargement  of  the  sac, 
and  further  complication  of  thut  introverted  part  on  which 
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the  excreted  subatance  is  moulded,  the  protruding  growth  may 
be  rendered  larger  and  more  involved^  as  we  see  it  in  quills 
and  feathers.  So  that  insensible  steps,  thus  indicated  in 
principle,  carry  us  from  the  exfoliation  of  epidermis  by  a  fiat 
surface,  to  the  exfoliation  of  it  by  a  hollow  simple  sac,  nu 
introverted  sac,  and  a  sac  further  complicated ;  each  of  which 
produces  its  modified  kind  of  tegumentary  appendage. 

g  203.  Among  many  other  difl&rentiations  of  tho  outer 
tissues,  tho  most  worthy  to  be  noticed  in  the  space  that  re- 
mains, are  those  by  which  organs  of  sense  are  formed.  We 
will  begin  with  the  simplest  and  most  closely  allied  to  the 
foregoing. 

Every  hair  that  is  not  too  long  or  flexible  to  convey  to  its 
rooted  end  a  strain  put  upon  its  free  end,  is  a  rudimentary 
tactual  organ ;  as  may  be  readily  proved  by  touching  one  of 
those  growing  on  the  back  of  the  hand.  If,  then,  a  creature 
has  certain  hairs  so  placed  that  they  are  habitually  touched 
by  the  objects  with  which  it  deals,  or  amid  which  it  movc^, 
an  advantage  is  likely  to  accrue  if  these  hairs  are  modific<l 
in  a  way  that  enables  them  the  better  to  transmit  the  im- 
pressions derived.  Such  modified  hairs  we  have  in  the 
vibrisaw,  or,  as  they  are  commonly  called,  the  "  whiskers " 
possessed  by  Cats  and  feline  animals  generally,  as  well  as  by 
Seuls  and  many  Rodents.  These  hairs  are  long  enough  to 
reach  objects  at  considerable  distances  ;  they  are  so  stiff  thut 
forces  applied  to  their  free  ends,  cause  movements  of  their 
imbedded  ends ;  and  the  sacs  containing  their  imbedded  ends 
being  well  covered  with  nerve-fibres,  these  developed  hairs 
serve  as  instruments  of  exploration.  By  constant  use  of  them 
the  animal  learns  to  judge  of  the  relative  positions  of  objects 
past  which,  or  towards  which,  it  is  moving.  When  stealthily 
approaching  prey  or  stealthily  escaping  enemies,  such  aids  to 
perception  are  obviously  important :  indeed  their  importance 
has  been  proved  by  the  diminished  power  of  self- guidance  in 
the  dark,  that  results  from  cutting  them  off.   These,  then,  are 
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dermal  appendages  originally  serving  the  purpose  of  cloth- 
ing»  but  afterwards  differentiated  into  sense-organs. 

That  eyes  are  essentially  dermal  structures  seems  scarcely 
conceivable.    Yet  an  examination  of  their  rudimentary  types, 
and  of  their  genesis  in  creatures  that  have  them  well  deve- 
loped, shows  us  that  they  really  arise  by  successive  modifica- 
tions of  the  double  layer  composing  the  integument.     Tlicy 
make  their  first  appearance  among  the  simpler  animals  ti:) 
specks  of  pigment)  covered  by  portions  of  epidermis  slightly 
convex  and  a  little  more  transparent  than  that  around  it. 
Here  their  fundamental  community  of  structure  with  the 
skin  is  easy  to  trace ;  and  the  formation  of  them  by  differen- 
tiation of   it  presents  no  difficulty.  Not  so  far 
in  advance  of  these  as  much  to  obscure  the  relationship,  aro 
the  eyes  which  the  Crustaceans  possess.     In  every  fish- 
monger's shop  we  may  see  that  the  eyes  of  a  Lobster  are 
carried  on  pedicles ;  and  when  the  Lobster  casts  its  shell,  tho 
outer  coat  of  each  eye,  being  continuous  with  the  epidermis 
of  its  pedicle,  is  thrown  off  along  with  tho  rest  of  the  exo- 
skeleton.    This  pedicle,  which  gives  the  name  of  ''  stalk- 
eyed  "  Crwtacea  to  a  large  group,  is,  strange  as  it  may  seem, 
a  transformed  limb.     Otherwise  shown  by  the  homologies  of 
the  parts,  this  truth  is  made  manifest  by  those  transitional  cases 
in  which  the  original  form  of  the  limb  is  retained,  and  tho 
transparent  portion  which  serves  as  a  visual  organ  is  merely 
a  prominent  patch  on  its  under  surface,  somewhat  like  a  blister, 
spreading  a  little  up  the  sides  of  the  limb— an  arrangement 
almost  thrusting  upon  us  the  suspicion  that  an  eye  is  a 
modified  portion  of  the  skin.    That  which  the  outer  appear- 
ance suggests  is  proved  by  the  structure  within.    Beneath 
the  transparent  epidermic  layer,  there  exists  a  group  of  eyes 
of  the  kind  which  we  see  in  an  insect ;  and  these,  according 
to  a  high  authority,  are  inclosed  in  the  dermal  qrstem.    De- 
scribing the  arrangement  of  the  parts,  M.  Milne  Edwards 
writes :— "  But  the  most  remarkable  circumstance  is,  that  the 
large  cavity  within   which    the  whole   of   these    parallel 
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columnsy  eyery  one  of  which  ia  itself  a  perfect  eye,  are 
contained,  is  closed  posteriorly  by  a  membrane,  which 
appears  to  be  neither  more  nor  less  than  the  middlo 
tegumentary  membrane,  pierced  for  the  passage  of  tho 
optic  nerve ;  so  that  the  ocnlar  chamber  at  large 
results  from  the  separation  at  a  point  of  the  two  external 
layers  of   the    general    envelope.'*  Thus  too  is 

it,  in  the  main,  even  with  tho  highly-developed  eyes  of 
the  Vertebrata.  **  The  three  pairs  of  sensory  organs  apper- 
taining to  the  higher  sens3s,''  says  Prof.  Huxley — ''  the  nasal 
sacs,  the  eyes,  and  the  ears — ariso  as  simple  coDcal  involutions 
of  the  external  integument  of  the  head  of  tho  embryo. 
That  such  is  the  case,  so  far  as  the  olfactory  sacs  are  con- 
cerned, is  obvious,  and  it  is  not  difficult  to  observe  that  the 
lens  and  the  anterior  chamber  of  the  eye  are  produced  in  a 
perfectly  similar  manner.  It  is  not  so  easy  to  see  that  the 
the  labyrinth  of  the  ear  arises  in  this  way,  as  the  sac  resulting 
from  the  involution  of  the  integ<iment  is  small,  and  remains 
open  but  a  very  short  time.  But  I  have  so  frequently  veri- 
fied Huschke's  and  Remak's  statement  that  it  does  so  arise, 
that  I  entertain  no  doubt  whatever  of  the  fact  Tho  outer 
ends  of  the  olfactory  sacs  remain  open,  but  those  of  the 
ocular  and  auditory  sacs  rapidly  dose  up,  and  shut  off  their 
contents  from  all  direct  communication  with  the  exterior." 
So  that,  marvelloua  as  the  fact  appears,  all  that  part  of  the 
eye  which  lies  between  its  outer  surface  and  the  bock  of  the 
crystalline  lens,  is.  formed  in  the  same  way  as  an  ordinary  hair- 
sac,  and  is  composed  of  homologous  parts.  The  interior  coat  is 
the  epidermic  layer,  originally  continuous  with  the  surface  of 
the  skin ;  and  only  made  discontinuous  with  it  by  closure  of 
the  sac  at  the  point  which  is  afterwards  the  centre  of  tho 
cornea.  This  cornea,  or  front  wall  of  the  chamber  thus  shut 
off,  is  consequently  composed  of  a  doubled  epidermic  layer 
and  an  intermediate  layer  of  the  derma  included  in  the  fold 
of  the  integument.  Tho  orjrstaUine  lens,  lying  at  the  far  side 
of  this  chamber,  is  simply  a  thickening  of  the  epidermic  layer 
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lining  that  port  of  the  chamher-^is  developed  from  it  in  tho 
same  way  that  the  sahetance  of  a  hair  is  developed  from  the 
papilla  at  the  hottom  of  its  sac  The  iris  originates  as  an 
annnlar  thrusting-in  of  the  walls  of  this  chamber  in  front  of 
the  crystalline  lens;  and  between  the  two  layers  of  the  epi- 
dermic lining,  thus  folded,  comes  a  portion  of  the  derma  in 
which  mnscnlar  fibres  eventnally  arise.  Though  the  founda* 
tion  of  the  part  behind  the  crystalline  lens  is  laid  by  a  hollow 
dicerdeulum  from  the  brain,  which  grows  outwards  to  meet  the 
inward-growing  tegumentary  sac,  yet  here,  too,  structures  be- 
longing to  the  tegumentary  system  eventually  predominate. 
For  into  this  cul-de^sae  proceeding  from  the  nervous  centre, 
there  takes  place  a  lateral  growth  of  dermal  tis^sue,  which,  in- 
troverting the  wall  of  the  sac,  and  presently  filling  the  whole 
cavity  of  it,  is  at  last  shut  off  by  the  closure  of  the  now 
doubled  walls  of  the  sac ;  and  out  of  this  intruding  mass  of 
dermal  tissue  the  vitreous  humour  is  formed.  That  is  to  say, 
the  eje  considered  as  an  optical  apparatus  is  wholly  produced 
by  metamorphoses  of  the  skin :  the  only  parts  of  it  not  thus 
produced,  being  the  membruies  lying  between  the  sclerotic 
and  the  vitreous  humour,  indoding  those  retinal  structures 
formed  in  them.  All  is  tegumentary  save  that  which  has  to 
appreciate  the  impressions  which  the  modified  integument 
concentrates  upon  it. 

Thus,  as  Prof.  Huxley  has  somewhere  pointed  out,  there 
is  a  substantial  panUelism  between  all  the  sensory  organs  in 
their  modes  of  development:  as  there  is,  too,  between  their 
modes  of  action*  A  vihritm  may  be  taken  as  their  common 
type.  Increased  impressibility  by  an  external  stimulus, 
requires  an  increased  peripheral  expansion  of  the  nervous 
system  on  which  the  stimulus  may  foil ;  and  this  is  secured 
by  an  introvertion  of  the  integument,  forming  a  sac  on  the 
walls  of  which  a  nerve  may  ramify.  That  the  more  extended 
sensory  arra  thus  constituted  may  be  acted  upon,  there 
requires  some  apparatus  conveying  to  it  from  without  the 
spi^^riate  stimulus;  and  in  the  case  of  the  ribri$$a,  this 
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apparatus  is  the  epiderraio  growth  which,  under  the  form  of 
a  hair,  protrudes  from  the  sac.  And  that  the  greatest 
sensitiveness  may  be  obtained,  the  external  action  must  be 
exaggerated  or  multiplied  by  the  apparatus  which  conveys  it 
to  the  recipient  nerve ;  as  in  the  case  of  the  riirissa,  it  is  by 
the  development  of  a  hair  into  on  elastic  lever,  that  trans* 
forms  the  slight  force  acting  through  considerable  space  on 
its  exposed  end,  into  a  greater  force  acting  through  a  smaller 
space  at  its  rooted  end.  Similarly  with  the  organs  of  the 
higher  senses.  In  a  rudimentary  eye,  we  have  but  a  slight 
peripheral  expansion  of  a  nerve  to  take  cognizance  of  the 
impression ;  and  to  concentrate  the  impression  upon  it,  there 
is  nothing  beyond  a  thickening  of  the  epidermis  into  a  lens- 
shape.  But  the  developed  eye  shows  us  a  termination  of  the 
nerve  greatly  expanded  and  divided  to  receive  the  external 
stimulus.  It  shows  ns  an  introverted  portion  of  the  integu- 
ment  containing  the  apparatus  by  which  the  external  stimulus 
is  conveyed  to  the  recipient  nerve.  The  structure  developed 
in  this  sac  not  only  conveys  the  stimulus,  but  also,  like  its 
homologue,  concentrates  it ;  and  in  the  one  case  as  in  the 
other,  the  structure  which  does  this  is  an  epidermic  growth 
from  the  bottom  of  the  sac  Even  with  the  ear  it  is  the  same. 
Again  we  have  an  introverted  portion  of  the  integument,  on 
the  walls  of  which  the  nerve  is  distributed.  The  otoUthef 
contained  in  the  sac  thus  formed,  are  bodies  which  are  set  in 
motion  by  the  vibrations  of  the  sarronnding  medium,  and 
convey  these  vibrations  in  an  exaggerated  form  to  the  nerves. 
And  though  it  is  not  alleged  that  these  otolithes  arc 
developed  from  the  epidermic  lining  of  the  chamber,  yet  as. 
if  not  so  developed,  they  are  concretions  from  the  contents  oi 
an  epidermic  sac,  they  must  still  be  regarded  as  epidermic 
products. 

Whether  these  differentiations  are  due  wholly  to  indired 
equilibration,  or  whether  direct  equilibration  has  had  a  shan 
in  working  them,  are  questions  that  must  be  left  open 
Possibly  a  short  hair  so  placed  on  a  mammal's  face  as  to  be 
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habitually  touched,  may,  by  conyeying  excitations  to  the 
nerves  and  vessels  at  its  root,  cause  extra  growth  of  the 
bulb  and  its  appendages,  and  so  the  development  of  a  tihrma 
may  be  furthered.  Possibly  too,  the  light  itself,  to  which  the 
tissues  of  some  inferior  animals  are  everywhere  sensitive,  may 
aid  in  setting  up  certain  of  the  modifications  by  which  the 
nervous  parts  of  visual  organs  are  formed — producing,  as  it 
must,  the  mosfr  powerful  effects  at  those  points  on  the  surface 
which  the  movements  of  the  animal  expose  to  the  greatest 
and  most  frequent  contrasts  of  light  and  shade ;  and  propa- 
gating from  those  points  currents  of  molecular  change  through 
tho  organism.  But  it  seems  clear  that  the  complexities  of 
the  sensory  organs  are  not  thus  explicable.  They  must  have 
arisen  by  the  natural  selection  of  favourable  variations. 

I  296.  A  group  of  facts,  serving  to  elucidate  those  put 
together  in  the  several  foregoing  sections,  has  to  be  added. 
I  have  reserved  this  group  to  the  last,  partly  because  it  is 
transitional — links  the  differentiations  of  the  literally  outer 
tissues  with  those  of  the  truly  inner  tissues.  Though  physi- 
cally internal,  the  mucous  coat  of  the  alimentary  canal  has 
\  gtfas»->extemality  from  a  physiological  point  of  view.  As 
was  pointed  out  in  the  lost  chapter,  the  skin  and  the  assimi- 
lating surface  have  this  in  common,  that  they  come  in  direct 
xntoct  with  matters  not  belonging  to  the  organism ;  and 
we  saw  that  along  with  this  community  of  relation  to  alien 
mbstances,  there  is  a  certain  community  of  structure  and  de- 
velopment. The  like  holds  with  the  linings  of  all  internal 
mvities  and  canals  that  have  external  openings. 

The  transition  from  the  literally  outer  tissues  to  those 
jssues  that  are  intermediate  between  them  and  the  truly 
imer  tissues,  is  visible  at  all  the  orifices  of  the  body ;  where 
ikin  and  mucous  membrane  are  continuous,  and  the  one 
lasses  insensibly  into  the  other.  This  visible  continuity  is 
aot  simply  associated  with  a  great  degree  of  morphological 
continuity,  but  also  with  a  great  degree  of  physiological  con- 
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tinuity.  That  is  to  say^  these  literally  oater  and  quathoater 
layers  are  capable  of  rapidly  assoming  one  another's  stmc-^ 
tures  and  functions  when  subject  to  one  another's  condilionsJ 
Mucous  surfaces,  normally  kept  covered,  become  skin-like  if 
exposed  to  the  air;  but  resume  more  or  less  fully  their 
normal  characters  when  restored  to  their  normal  posidoos. 
These  are  truths  familiar  to  pathologists.  They  continually 
meet  with  proofs  that  permanent  eyersion  6f  the  mucous 
membrane,  even  where  it  is  by  prolapse  of  a  part  deeply 
seated  within  the  body,  is  followed  by  an  adaptation  eventu- 
ally almost  complete :  originally  moist,  tender  to  the  touch, 
and  irritated  by  the  air,  the  surface  gradually  beoomef 
covered  with  a  thick,  dry  cuticle  ;  and  is  then  scarcely  more 
sensitive  than  ordinary  integument. 

Whether  this  equilibration  between  new  outer  forces  and 
reactive  inner  forces,  which  is  thus  directly  produced  in  in* 
dividuals,  is  similarly  produced  in  races,  must  remain  as  c 
question  not  to  be  answered  in  a  positive  way.  On  the  one 
hand,  we  have  the  fact  that  among  the  higher  animals  then 
are  cases  of  quasi'Ouier  tissues  which  are  in  one  specie 
habitually  ensheathed,  while  in  another  species  they  are  no: 
cnsheathed ;  and  that  these  two  tissues,  though  unquestion* 
ably  homologous,  differ  as  much  as  skin  and  mucous  mem* 
brane  differ.  On  the  other  hand,  there  are  certain  analogont 
changes  of  surface,  as  on  the  abdomen  of  the  Hermit-Crab 
which  give  warrant  to  the  supposition  that  survival  of  thi 
fittest  is  the  chief  agent  in  establishing  such  differentiations 
since  the  abdomen  of  a  Hermit-Crab,  bathed  by  water  withii 
the  shell  it  occupies,  is  not  exposed  to  physical  oonditim 
that  directly  tend  to  differentiate  its  surface  from  the  snrfac 
of  the  thorax.  -But  though  in  cases  like  this  last,  we  mus 
assign  the  result  to  the  natural  selection  of  variations  arisini 
incidentally ;  we  may  I  think  legitimately  assign  the  xesol 
to  the  immediate  action  of  changed  conditions  wheie^  as  ii 
cases  like  the  first,  we  see  these  producing  in  the  individual 
effects  of  the  kinds  observed  in  the  race. 
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IIowoYer  this  may  be,  the  force  of  the  general  argument 
remains  the  same.  In  these  exchanges  of  structure  and 
function  between  the  outer  and  ^r/a«i-outcr  tissues,  we  get 
undeniable  proof  that  they  are  easily  differentiable.  And 
seeing  this,  we  are  enabled  the  more  clearly  to  see  how  there 
hayoy  in  course  of  time,  arisen  those  extreme  and  multi- 
tudinous differentiations  of  the  outer  tissues  that  have  been 
glanced  at 


CHAPTER  Vin. 

DIFFERENTIATIONS  AMONG  THE  INNER  TISSUES  OF 

ANIMALS. 

§  297.  The  change  from  the  outside  of  the  lips  to  their 
iusidcy  introduces  us  to  a  new  series  of  interesting  and 
instructive  facts,  joining  on  to  those  with  which  the  kst 
chapter  closed.  They  concern  the  differentiationa  of  those 
coats  of  the  alimentary  canal,  which,  as  we  have  seen,  are 
physiologically  outer,  though  physically  inner. 

These  coats  are  greatly  modified  at  different  parts;  and 
their  modifications  yary  greatly  in  different  animals.  In 
the  lower  types,  where  they  compose  a  simple  tube,  running 
from  end  to  end  of  the  body,  they  are  almost  uniform  in  their 
histological  characters ;  but  on  ascending  from  these  types, 
we  find  them  presenting  an  increasing  variety  of  minute 
structures  between  their  two  ends.  The  argument  will  be 
adequately  enforced  if  we  limit  ourselves  to  the  leading 
modifications  they  display  in  some  of  the  higher  animals. 

The  successive  parts  of  the  alimentary  canal  are  so  placed 
with  respect  to  its  contents,  that  the  physical  and  chcroica 
changes  undergone  by  its  contents  while  passing  from  oni 
end  to  the  other,  inevitably  tend  to  transform  its  original!; 
homogeneous  surface  into  a  heterogeneous  surface.  Clearly 
the  effect  produced  on  the  food  at  any  part  of  the  canal  b; 
trituration,  by  adding  a  secretion,  or  by  absorbing  its  nutri 
tive  matters,  implies  the  delivery  of  the  food  into  the  nez 
part  of  the  canal  in  a  state  more  or  less  unlike  its  previou 
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states— implies  that  the  surface  with  whioh  it  now  comes  in 
contact  is  differently  affected  by  it  from  the  preceding  sur- 
faces— implies,  that  is,  a  differentiating  action.  To  use  con- 
crete language ; — food  that  is  broken  down  in  the  mouth  acts 
on  the  oesophagus  and  stomach  in  a  way  unlike  that  which 
it  would  have  done  had  it  been  swallowed  whole ;  the  masti- 
cated food,  to  which  certain  solvents  or  ferments  are  added, 
becomes  to  the  intestine  a  different  substance  from  that  which 
it  must  have  otherwise  been ;  and  the  altered  food,  resolved 
by  these  additions  into  its  proximate  principles,  cannot  havo 
thosD  proximate  principles  absorbed  in  the  next  part  of  the 
intestine,  without  the  remoter  parts  being  affected  as  they 
would  not  have  been  in  the  absence  of  absorption.  It  is  true 
that  in  developed  alingientary  canals,  such  as  the  reasoning 
here  tacitly  assumes,  these  marked  successive  differentiations 
of  the  food  are  themselves  the  results  of  pre-established 
differentiations  in  the  successive  parts  of  the  canal.  But  it  is 
also  true  that  actions  and  reactions  like  those  here  so  definitely 
marked,  must  go  on  indefinitely  in  an  undeveloped  alimentary 
canal.  If  the  food  is  changed  at  oil  in  the  course  of  its  transit, 
which  it  must  be  if  the  creature  is  to  live  by  it,  then  it 
cannot  but  act  dissimilarly  on  the  successive  tracts  of  the 
alimentary  canal,  and  cannot  but  be  dissimilarly  reacted  on 
by  them.  Inevitably,  therefore,  the  uniformity  of  the  surface 
must  lapse  into  greater  or  less  multiformity  :  the  differentia- 
tion of  each  part  tending  ever  to  initiate  differentiations  of 
other  parts. 

Not,  indeed,  that  the  implied  process  of  direct  equilibra- 
tion con  be  regarded  as  the  sole  process.  Indirect  equilibra- 
tion aids ;  and,  doubtless,  there  are  some  of  the  modifications 
which  only  indirect  equilibration  can  accomplish.  But  we 
have  here  one  unquestionable  cause — a  cause  that  is  known 
to  work  in  individuals,  changes  of  the  kind  alleged.  Where, 
for  instance,  cancerous  disease  of  the  oesophagus  so  narrows 
the  passage  into  the  stomach  as  to  prevent  easy  descent  of 
iho    food,  the    oesophagus   above  the  obstruction  becomes 
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enlarged  into  a  kind  of  pouch  ;  and  the  inner  surface  of  this 
pouch  begins  to  secrete  juices  that  produce  in  the  food  a  kind 
of  rude  digestion.  Again,  stricture  of  the  intestine,  when  it 
arises  graduall3%  is  followed  by  hypertrophy  of  the  inuscubr 
coat  of  the  intestine  above  the  constricted  part :  the  ordinary 
peristaltic  movements  being  insufficient  to  force  the  food 
forwards,  and  the  lodged  food  serving  as  a  constant  stimulus 
to  contraction,  the  muscular  fibres,  habitually  more  exercised, 
become  more  bulky.  The  deduction  from  general  principles 
being  thus  inductively  enforced,  we  cannot,  I  think,  resist 
the  conclusion  that  the  direct  actions  and  reactions  betwcea 
the  food  and  the  alimentary  canal  have  been  largely  instru- 
mental in  establishing  the  contrasts  among  its  parts.  And 
we  shall  hold  this  view  with  the  more  confidence  on  observ- 
ing  how  satisfactorily,  in  pursuance  of  it,  we  are  enabled  to 
explain  one  of  the  most  striking  of  these  differentiations, 
which  we  will  take  as  a  type  of  the  class. 

The  gizzard  of  a  bird  is  an  expanded  portion  of  the  alimen* 
tary  canal,  specially  fitted  to  give  the  food  that  trituration 
which  the  toothless  mouth  of  the  bird  cannot  give.  Besides 
having  a  greatly-developed  muscular  coat,  this  grinding- 
chamber  is  lined  with  a  thick,  hard  cuticle,  capable- of 
bearing  the  friction  of  the  pebbles  swallowed  to  servo  tis 
grind-stones.  This  differentiation  of  the  mucous  coat  into  a 
ridged  and  tubercled  layer  of  homy  matter — ^a  differentiation 
which,  in  the  analogous  organs  of  certain  MolluscOf  is  carried 
to  the  extent  of  producing  from  this  membrane  bony  plates, 
and  even  teeth — varies  in  birds  of  different  kinds,  according 
to  their  food.  It  is  moderate  in  birds  that  feed  on  flesh  and 
fish,  and  extreme  in  gronivorous  birds  and  others  that  live 
on  hard  substances.  How  does  this  immense  modification  of 
the  alimentary  canal  originate?  In  the  stomach 

of  a  mammal,  the  macerating  and  solvent  actions  are  united 
with  that  triturating  action  which  finishes  what  the  teeth 
have  mainly  done ;  but  in  the  bird,  unable  to  masticate,  these 
internal  functions  are  specialized,  and  while  the  crop  is  the 
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macorating  chamber,  the  gizzard  becomes  a  chamber  adapted 
to  triturate  more  effectually.   This  adaptation  requires  simply 
an  exaggeration  of  certain  structures    and  actions  which 
characterize  stomachs  in  general,    and,  in   a  less  degree, 
alimentary  canals  throughout  their  whole  lengths.      The 
massive  muscles  of  the  gizzard  are  simply  extreme  develop- 
ments of  the  muscular  tunic,  which  is  already  considerably 
developed  over  the  stomach,  and  incloses  also  the  oesophagus 
and  the  intestine.       The  indurated  lining   of  the  gizzard, 
thickened  into  homy  buttons  at  the  places  of  severest  pres- 
sure, is  nothing   more   than  a  greatly  strengthened   and 
modified  epithelium.    And  the  grinding  action  of  the  gizzard 
is  but  a  specialized  form  of  that  rhythmical  contraction  by 
which  an  ordinary  stomach  kneads  the  contained  food,  and 
which  in  the  oesophagus  effects  the  act  of  swallowing,  while 
in  the  intestine  it  becomes  the  peristaltic  motion.    Allied  as 
the  gizzard  thus  clearly  is  in  structure  and  action  to  the 
stomach  and  alimentary  canal  in  general ;  and  capable  of 
being  gradually  differentiated  from  a  stomach  where  a  grow- 
ing habit  of   swallowing  food  nnmasticated  entails  more 
trituration  to  be  performed  before  the  food  passes  the  pylorus; 
the  question  is — Does  this  change  of  structure  arise  by  direct 
adaptation?    There  is  warrant  for  the  belief  that  it  does. 
Besides  such  collateral  evidence  as  that  mucous  membrane 
becomes  homy  on  the  toothless  gums  of  old  people,  when 
subject  to  continual  rough  usage,  and  that  the  muscular  coat 
of  the  intestine  thickens  where  .unusual  activity  is  demanded 
of  it,  we  have  the  direct  evidence  of  experiment.     Hunter 
habituated  a  sea-gidl  to  feed  upon  grain,  and  found  that  the 
lining  of  its  gizzard  became  hardened,  while  the  gizzard- 
muscles  doubled  in  thickness.    A  like  change  in  the  diet  of 
a  kite  was  followed  by  like  results.    Clearly,  if  differentiations 
so  produced  in  the  individuals  of  a  race  under  changed  habits, 
are  in  any  degree  inheritable,  a  structure  like  a  gizzard  will 
originate  through  the  direct  actions  and  reactions  between 
the  food  and  the  alimentarv  canal. 
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Another  case — ^a  very  interesting  one,  somewhat  allied  to 
this — is  presented  by  the  ruminating  animals.  Here  several 
dilatations  of  the  alimentary  canal  precede  the  true  stomach ; 
and  in  these,  large  quantities  of  unmosticated  food  are  stored, 
to  be  afterwards  returned  to  the  mouth  and  masticated  at 
leisure.  What  conditions  have  made  this  specialization 
advantageous  P  and  by  what  process  has  it  been  established  P 
To  both  theso  questions  the  facts  indicate  answers  which  are 
not  unsatisfactory.  Creatures  that  obtain  their 

food  very  irregularly — now  having  more  than  they  can 
consume,  and  now  being  for  long  periods  without  any — must, 
in  the  first  place,  he  apt,  when  very  hungry,  to  eat  to  the 
extreme  limits  of  their  capacities ;  and  must,  in  the  second 
place,  profit  by  peculiarities  which  enable  them  to  compensate 
themselves  for  long  fasts,  past  and  future.  A  perch  which, 
when  its  stomach  is  full  of  young  frogs,  goes  on  filling  its 
oesophagus  also ;  or  a  trout  which,  rising  to  the  fisherman's 
fly,  proves  when  taken  off  the  hook  to  be  full  of  worms  and 
insect-larvsd  up  to  the  very  mouth,  gains  by  its  ability  to  take 
in  such  unusual  supplies  of  food  when  it  meets  with  them — 
obviously  thrives  better  than  it  would  do  could  it  never  eat 
more  than  a  stomachful.  That  this  ability  to  feed  greatly  in 
excess  of  immediate  requirement,  is  one  that  varies  in  indi- 
viduals of  tho  same  race,  we  see  in  the  marked  contrast 
between  our  own  powers  in  this  respect,  and  the  powers  of 
uncivilized  men ;  whose  fasting  and  gorging  are  to  us  so 
astonishing.  Carrying  with  us  these  considerations,  we  shall 
not  be  surprised  at  finding  dilatations  of  the  aasophagus  in 
vultures  and  eagles,  which  get  their  prey  at  long  intervals 
in  large  masses ;  and  we  may  naturally  look  for  them  too  in 
birds  like  .pigeons,  which,  coming  in  flocks  upon  occasional 
supplies  of  grain,  individually  profit  by  devouring  the 
greatest  quantity  in  a  given  time.  Now  where  the  trituration 
of  the  food  is.  as  in  these  cases,  carried  on  in  a  lower  part  of 
the  alimentary  canal,  nothing  further  is  required  than  the 
storing-chamber;   but  for  a  mammal,  having  its  grinding 
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As  tbe  mass  of  bile-cells  becomes  greater,  there  arise  se- 
condary lateral  cavities  opening  into  the  primary  one,  and 
throiigh  it  into  the  intestine ;  until  eventually  these  cavities 
with  their  coatings  of  bile-cells,  become  ramifying  ducts  dis- 
tributed through  the  solid  mass  wo  know  as  a  liver.  How  is 
this  differentiation  caused  ? 

Before  attempting  any  answer  to  this  question,  it  is  requisite 
to  inquire  the  nature  of  bile.     Is  that  which  tho  liver  throws 
into  the  intestines  a  waste  product  of  the  organic  actions  ?  or 
is  it  a  secretion  aiding  digestion  ?  or  is  it  mixture  of  these  P 
Modern  investigations  imply  that  it  is  most  likely  the  last. 
The  liver  is  found  to  have  a  compound  function.     Bernard 
has  proved  to  the  satisfaction  of  physiologists,  that  there  goes 
on  in  it  a  formation  of  glycogen — a  substance  that  is  trans- 
formed into  sugar  before  it  leaves  tho  liver  and  is  afterwards 
carried  away  by  the  blood  to  eventually  disappear  in  the  lungs. 
It  is  also  shown,  experimentally,  that  there  are  generated  in 
the  liver   certain  biliary  acids ;    and  by  the  aid  either  of 
these  or  of  some  other   compounds,  it   is  clear  that  bile 
renders  certain  materials   more  absorbable:    its  effect    on 
fut   is    demonstrable    out  of   tho   body;   and  the   greatly 
diminished    absorption    of   fat   from   the    food    when    the 
discharge  of  bile  into  the  intestine  is  prevented,  is  probably 
one  of  the  causes  of  that  pining  away  that  results.    But  whilo 
recognizing   the  fact  that  the  bile  consists  in  part  of  a 
solvent,  or   solvents,  aiding   digestion,  there   is   abundant 
evidence  that  one  element  of  it  is  an  effete  product ;   and 
probably  this  is  the  primary  element.     The  yellow-green 
substance  called  biliverdine,  which  gives  its  colour  to  bile,  is 
found  in  the  blood  before  it  reaches  tho  liver ;  which  is  not 
the  cose  with  the  glycogen  or  the  biliary  acids.     ''  As  soon  as 
the  biliary  secretion  is  -in  abeyance,"  says  Dr.  Harley,  tho 
most  recent  authority  on  the  subject,  ''  biliverdine  accumu- 
lates in  the  blood  (until  the  serum  is  as  it  were  completely 
saturated  with  the  pigment),  from  which  it  exudes  and  stains 
the  tissues,  and    produces  tho  colour  we  term  jaundice;'' 
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haye  had  enough.  Those  which  masticate  incompletely  and 
distend  their  stomachs  with  food  di£5cult  to  digest,  will  be 
liable  to  theso  regurgitations ;  but  if  they  re-masticate  what 
is  thus  returned  to  the  mouth  (and  we  know  that  animals 
often  eat  again  what  they  have  vomited),  then  the  extra 
quantity  of  food  taken,  eventually  made  digestible,  will  yield 
them  more  nourishment  than  is  obtained  by  those  which 
masticato  completely  at  first.  The  habit  initiated  in  this 
natural  way,  and  aiding  survival  when  food  is  scarce, 
will  be  apt  to  cause  modifications  of  the  alimentary 
canal.  Wo  know  that  dilatations  of  canals  readily  arise 
under  habitual  distensions.  We  know  that  canals  habitu- 
ally distended  become  gradually  more  tolerant  of  the 
contained  masses  that  at  first  irritated  them.  And  we  know 
that  there  commonly  take  place  adaptive  modifications  of  their 
surfaces.  Hence  if  a  habit  of  this  kind  and  the  structural 
changes  resulting  from  it,  are  in  any  degree  inheritable,  it  is 
clear  that,  increasing  in  successive  generations,  both  imme- 
diately by  the  cumulative  effect  of  repetitions  and  mediately 
by  survival  of  the  individuals  in  which  they  are  most  decided, 
they  may  go  on  until  they  end  in  the  peculiarities  which 
Ruminants  display. 

§  298.  There  are  structures  belonging  to  the  same  group 
which  cannot,  however,  be  accounted  for  in  this  way.  They 
are  the  organs  that  secrete  special  products  facilitating 
digestion — the  liver,  pancreas,  and  various  smaller  glands. 
All  these  appendages  of  the  alimentary  canal,  large  and 
independent  as  some  of  them  seem,  really  arise  by  differen- 
tiations from  its  coats.  The  primordial  liver,  as  we  see  it  in 
a  simple  animal  such  as  the  Pianaria,  consists  of  nodiing 
more  than  bile-cells  scattered^  along  a  tract  of  the  intestinal 
surface.  Accumulation  of  these  bile-cells  is  accompanied  by 
increased  growth  of  the  surface  which  bears  them--«  growth 
which  at  first  takes  the  form  of  a  ciU^de^we^  having  an  outaido 
that  projects  from  the  intestine  into  the  peri- visceral  cavity* 


A3  the  mass  of  bile-cells  becomes  greater,  there  arise  se- 
condary lateral  cavities  opening  into  the  primary  one,  and 
throhgh  it  into  the  intestine ;  until  eventually  these  cavities 
with  their  coatings  of  bile-cells,  become  ramifying  ducts  dis- 
tributed through  the  solid  mass  wc  know  as  a  liver.  How  is 
this  differentiation  caused  ? 

Before  attempting  any  answer  to  this  question,  it  is  requisite 
to  inquire  the  nature  of  bile.     Is  that  which  the  liver  throws 
into  the  intestines  a  waste  product  of  the  organic  actions  ?  or 
is  it  a  secretion  aiding  digestion  ?  or  is  it  mixture  of  these  ? 
Modern  investigations  imply  that  it  is  most  likely  the  last. 
The  liver  is  found  to  have  a  compound  function.     Bernard 
has  proved  to  the  satisfaction  of  physiologists,  that  there  goes 
on  in  it  a  formation  of  glycogen — a  substance  that  is  trans- 
formed into  sugar  before  it  leaves  the  liver  and  is  afterwards 
carried  away  by  the  blood  to  eventually  disappear  in  the  lungs. 
It  is  also  shown,  experimentally,  that  there  are  generated  in 
the  liver   certain  biliary  acids;    and  by  the  aid  either  of 
these  or  of  some  other   compounds,  it   is  clear  that  bile 
renders  certain  materials   more  absorbable:    its  effect    on 
fut   is    demonstrable    out  of   the   body;  and  the   greatly 
diminished    absorption    of  fat  from   the    food    when    the 
discharge  of  bile  into  the  intestine  is  prevented,  is  probably 
one  of  the  causes  of  that  pining  away  that  results.    But  while 
recognizing   the  fact  that  the  bile  consists  in  part  of  a 
solvent,  or   solvents,  aiding   digestion,  there   is   abundant 
evidence  that  one  element  of  it  is  an  effete  product ;   and 
probably  this  is  the  primary  element.     The  yellow-green 
substance  called  biliverdine,  which  gives  its  colour  to  bile,  is 
found  in  the  blood  before  it  reaches  the  liver ;  which  is  not 
the  case  with  the  glycogen  or  the  biliary  acids.     "  As  soon  as 
the  biliary  secretion  is  -in  abeyance/'  says  Dr.  Harley,  tho 
most  recent  authority  on  the  subject,  **  biliverdine  accumu- 
lates in  the  blood  (until  the  serum  is  as  it  were  completely 
saturated  with  the  pigment),  from  which  it  exudes  and  stains 
the  tissues,  and    produces  tho  colour  we  term  jaundice;" 
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•  •  1^  it  lY^Q  urine  assames  a  saffron  tint  in  consequence  of 
tho  elimination  of  the  colouring  m&f:ter  by  the  kidneys  ;**  and 
afterwards  "  the  sweat,  the  milk,  the  tears,  the  sputa''  become 
yellow.  We  have  clear  proof,  then,  that  bilirerdine  is  an 
excrementitious  matter,  which,  if  not  got  rid  of  through  the 
liver,  makes  its  way  out,  to  some  extent,  through  other  or- 
gans, producing  in  them  more  or  less  derangement — itching 
of  the  skin,  and  sometimes,  in  the  kidneys,  a  secondary 
disease.  That  of  the  bile  discharged  into  the  intestine,  only 
some  components  are  re*absorbed,  is  demonstrated  by  the  fact 
that  when  injected  into  the  blood,  bile  destroys  life  in  less 
than  twenty-four  hours  ;  and  that  biliverdine  is  not  among 
the  re-absorbed  components,  is  shown  both  by  the  persistence 
of  the  colour  which  it  gives  to  the  substances  in  the  intestine, 
and  by  the  absence  of  that  jaundice  which,  if  re«absorbed, 
it  would  produce.  Hence  we  are  warranted  in  classing  biU- 
.verdine  as  a  waste  product.  And  considering  that  the  bile- 
cells,  where  they  first  make  their  appearance  among  ftnimala^ 
are  distinguished  by  the  colour  ascribable  to  this  substance, 
we  may  fairly  infer  that  the  excretion  of  biliverdine  ia  the 
original  function  of  the  liver. 

One  further  preliminary  is  requisite.  We  must  for  a 
moment  return  to  those  physico-chemical  data,  set  down  in  the 
first  chapter  of  this  work  (§§  7—8.)  We  there  saw  that 
the  complex  and  large-atomed  colloids  which  mainly  compose 
living  organic  matter,  have  extremely  little  molecular  mo- 
bility ;  and,  consequently,  extremely  little  power  of  diffusing 
themselves.  Whereas  we  saw  not  only  that  those  absorbed 
matters,  gaseous  and  liquid,  which  further  the  decompositiob 
of  living  organic  matter,  have  very  high  diffusibilities ;  but 
also  that  the  products  of  the  decomposition  are  much  more 
diffusible  than  the  components  of  living  organic  matter.  And 
we  saw  that,  as  a  consequence  of  this,  the  tissues  give  ready 
entrance  to  the  substances  that  decompose  them,  and  ready 
exit  to  the  substances  into  which  they  are  decomposed.  Henoe 
it  follows  that,  primarily,  the  escope  of  effete  matters  from  the 
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organismi  ia  a  physical  action  parallel  to  that  which  goes  on 
among  mixed  colloids  and  crystalloids  that  are  dead  or  even 
inorganic  Excretion  is  simply^  a  specialized  form  of  this 
spontaneous  oction ;  and  what  we  have  to  inquire  is, — how  the 
specialization  arises. 

Two  causes  conspire  to  establish  it.    The  first  is  that  these 
products  of  decomposition  are  diffusible  in  widely  different 
degrees.     While  the  carbonic  acid  and  water  permeate  the 
tissues  with  ease  in  all  directions,  and  escape  more  or  less 
from  all  the  exposed  surfaces,  urea,  and  other  waste  substances 
incapable  of  being  vaporized,  cannot  escape  thus  readily. 
The  second  is  that  the  different  parts  of  the  organism,  being 
subject  to  different  physical  conditions,  are  from  the  outset 
sure  severally  to  favour  the  exit  of  these  various  products  of 
decomposition  in  various  degrees.     How  these  causes  must 
have  co-operated  in  localizing  the  excretions,  we  shall  see  on 
remembering  how  they  now  co*operote  in  localizing  the  sepa- 
ration of  morbid  materials.    The  characteristic  substances  of 
gout  and  rheumatism  have  their  habitual  places  of  deposit. 
Tuberculous  matter,  though  it  may  be  present  in  various 
organs,  gravitates  towards  some  much  more  than  towards 
others.    Certain  products  of  disease  are  habitually  got  rid  of 
by  the  skin,  instead  of  collecting  internally.    Mostly,  these 
have  special  parts  of  the  skin  which  they  affect  rather  than 
the  rest ;  and  there  are  those  which,  by  breaking  out  sym- 
metrically on  the  two  sides  of  the  body,  show  how  definitely 
the  places  of  their  excretion  are  determined  by  certain  favour- 
ing conditions,  which  corresponding  parts  may  be  presumed 
to  furnish  in  equal  degrees.     Further,  it  is  to  be  observed 
of  these  morbid  substances  circulating  in  the  blood,  that 
having  once  commenced  segregating  at  particular  places, 
they  tend  to    continue  segregating  at  those  places.     As* 
suming,  then,  as   wo   may  fairly  do,  that  this  localization 
of  excretion,  which  we  see  continually  commencing  afresh 
with  morbid  matters,  has  always  gone  on  with  the  matters 
produced  by  the  waste  of  the  tissues,  let  us  take  a  further 
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step,  and  aak  how  localisitiona  become  fixed.  Other  things 
equal,  that  which  from  its  physical  conditions  is  a  place  of 
least  resistance  to  the  exit  of  an  effete  prodact,  will  tend  to 
become  established  as  the  place  of  excretion ;  since  the  rapid 
oxit  of  an  effete  product  will  profit  the  organism.  Other 
things  equal,  a  place  at  which  the  excreted  matter  produces 
least  detrimental  effect  will  become  the  established  place.  If 
at  any  point  the  excreted  matter  produces  a  beneficial  effect, 
then,  other  things  equal,  natural  selection  will  determine  it 
to  this  point.  And  if  facility  of  escape  anywhere  goes  along 
with  utilization  of  the  escaping  substance,  then,  other  things 
equal,  the  excretion  will  be  there  localized  by  survival  of  the 
fittest. 

Such  being  the  conditions  of  the  problem,  let  us  ask  whot 
will  happen  with  the  lining  membrane  of  the  alimentary 
canal.  This,  physiologically  considered,  is  an  external  8ur« 
face ;  and  matters  thrown  off  from  it  make  their  woy  out  of 
the  body.  It  is  also  a  surface  aloog  which  is  moving  the  food 
to  be  digested.  Now,  among  the  various  waste  products 
continually  escaping  from  the  living  tissues,  some  of  the 
more  complex  ones,  not  very  stable  in  composition,  are  likely, 
if  added  to  the  food,  to  set  up  changes  in  it.  Such  changes 
may  either  aid  or  hinder  the  preparation  of  the  food  for 
absorption.  If  an  effete  matter,  making  its  exit  through  the 
wall  of  the  intestine,  hinders  the  digestive  process,  the 
enfeeblement  and  disappearance  of  individuals  in  which  this 
happens,  will  prevent  the  intestine  from  becoming  the  esta- 
blished place  for  its  exit.  While  if  it  aids  the  digestive 
process,  the  intestine  will,  for  converse  reasons,  become  more 
and  more  the  place  to  which  its  exit  is  limited.  Equally 
manifest  is  it  that  if  there  is  one  part  of  this  alimentary  canul 
at  which,  more  than  at  any  other  part,  the  favourable  effect 
results,  this  will  become  the  place  of  excretion.  If 

from  this  general  statement  we  pass  to  the  special  cose 
before  us,  we  find  our  data  to  be  these : — The  substance  to  be 
excreted,  biliverdine,  a  waste  prcduct  of  the  organic  actionsi 
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isy  as  jaundice  shows  us,  capable  of  escaping  out  of  the  body 
througb  all  its  surfaces,  even  in  so  differentiated  a  type  as  tho 
highest  mammal ;  and  in  the  undifferentiated  types  we  may 
infer  that  the  facility  of  escape  is  nearly  the  same  through 
all  the  surfaces.  For  the  gradual  localization  of  its  escape 
at  a  particular  part  of  the  intestinal  surface,  it  is  requiMto 
only  that  either  some  disadvantage  consequent  on  its  escape 
elsewhere  should  be  avoided,  or  some  advantage  due  to  its 
effect  on  digestion  should  be  gained;  and  this  advantage 
may  be  either  direct  or  indirect.  It  is  not  necessary  that 
the  biliverdine  should  itself  act  on  the  food  :  it  is  enough  if 
it  aids  in  the  elaboration  of  other  matters,  either  nutritive  or 
solvent.  If  its  presence  causes  or  furthers  the  formation  of 
glycogen  from  other  components  of  the  blood ;  or  if  it  sets  up 
the  complex  reactions  which  generate  the  biliary  acids ;  these 
effects  will  suffice  to  establish,  as  the  place  of  its  excretion, 
the  place  where  these  products  are  useful.  And  once  this 
place  of  excretion  having  been  established,  the  development 
of  a  liver  is  simply  a  question  of  time  and  natural  selection. 

Whether  in  this  case,  as  well  as  in  the  cases  of  the  exclu- 
sively secreting  glands  formed  along  the  alimentary  canal  (to 
which  a  modification  of  the  foregoin'g  argument  is  applicable), 
any  tendency  to  localization  results  from  the  immediate  action 
of  the  local  conditions,  is  an  interesting  question.  It  is 
possible  that  the  contrasts  between  the  intra-vascular  and 
extra- vascular  liquids  at  these  places  may  be  a  factor  in  the 
differentiation,  as  in  a  case  already  dealt  with.  (§  292.) 
But  this  possibility  must  be  left  undiscussed. 

§  299.  A  differentiation  of  another  order  occurring  in  the 
alimentary  canal,  is  that  by  which  a  part  of  it  is  developed 
into  a  lateral  chamber  or  chambers,  through  which  carbonic 
acid  exhales  and  oxygen  is  absorbed.  Comparative  anatomy 
and  embryology  unite  in  showing  that  a  lung  is  formed,  just 
as  a  liver  or  other  appendage  of  the  alimentary  canal  is 
formed,  by  the  growth  of  a  hollow  bud  into  the  peri- visceral 
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cavity,  or  space  between  the  alimentary  canal  and  the  wall  of 
the  body.  The  interior  of  this  bud  is  simply  acui-de'Sac  of 
the  alimentary  canal,  with  the  mucous  lining  of  which  its 
own  mucous  lining  is  continuous.  And  the  development  of 
this  cul-de^nac  into  an  air-chamber,  simple  or  compound,  is 
merely  a  great  extension  of  area  in  the  internal  surface  of 
tlie  cui'de^MC,  along  with  that  specialization  which  fits  it 
for  excreting  and  absorbing  substances  different  from  those 
which  other  parts  of  the  mucous  surface  excrete  and 
nbscrb.  These    lateral    air-chambers,   universal 

nmong  the  liigher  Vertebrata  and  very  general  among  tho 
lower,  and  everywhere  attached  to  the  alimentary  canal 
between  the  mouth  and  the  stomach,  have  not  in  all  cases  tho 
respiratory  function.  In  most  fishes  that  have  them  they 
are  what  we  know  as  swim-bladders.  In  some  fishes  the 
cavities  of  these  swim-bladders  ore  completely  shut  off  from 
the  alimentary  canal :  nevertheless  showing,  by  the  communi- 
cations which  they  have  with  it  during  the  embryonio  stages, 
that  they  are  originally  diverticula  from  it.  In  other  fishes 
there  is  a  permanent  ductus  pneumaticus^  uniting  the  cavity 
of  the  swim-bladder  with  that  of  the  gullet — the  function, 
however,  being  still  not  respiratory  in  an  appreciable  degree, 
if  at  all.  But  in  certain  still  extant  representatives  of  the 
sauroid  fishes,  as  the  Lepidosteu^s  the  air-bladder  is  "  divided 
into  two  sacs  that  possess  a  cellular  structure,''  and  "tho 
trachea  which  proceeds  from  it  opens  high-up  in  the  throat, 
and  is  surrounded  with  a  glottis.''  In  the  Amphibia  the 
corresponding  organs  are  chambers  over  the  surfaces  of  which 
there  are  saccular  depressions,  indicating  a  transition  towards 
the  air-cells  characterizing  lungs;  and  accompanying  this 
advance  we  see,  as  in  the  common  TrtVon,  the  habit  of  coming 
up  to  the  surface  and  taking  down  a  fresh  supply  of  air  in 
place  of  that  discharged. 

How  are  the  internal  air-chambers,  respiratory  or  non- 
respiratory, developed  P  Upwards  from  the  amphibian  stage, 
in  which  they  arc  partially  refilled  at  long  intervals,  there  is 
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no  difficulty  in  nndentonding  how,  by  infinitesimal  steps, 
they  pass  into  complex  and  ever-moving  lungs.  But 
how  is  the  difTerentiation  that  produces  them  initiativdP 
How  comes  a  portion  of  the  internal  surface  to  be  speoialiied 
for  converse  with  a  medium  to  which  it  is  not  naturally 
exposed  P  The  problem  appears  a  difficult  one ;  but  there  is 
a  not  unsatisfactory  solution  of  it. 

When  many  gold-fish  arc  kept  in  a  small  aquarium^  os 
with  thoughtless  cruelty  they  frequently  are,  they  swim 
close  to  the  surface,  so  as  to  breatho  that  water  which  is  from 
instant  to  instant  absorbing  fresh  oxygen.  In  doing  this 
they  often  put  their  mouths  partly  above  the  surface,  so  that 
in  closing  them  they  take  in  bubbles  of  air ;  and  sometimes 
they  may  be  seen  to  continue  doing  this — the  relief  due  to 
the  slight  extra  aeration  of  blood  so  secured,  being  tho 
stimulus  to  continue.  Air  thus  taken  in  may  be  detained. 
If  a  fish  that  has  taken  in  a  bubble  turns  its  head  down- 
wards, the  babble  will  ascend  to  the  back  of  its  month,  and 
there  lodge ;  and  coming  within  reach  of  the  contractions  of 
the  oesophagus,  it  may  be  swallowed.  If,  then,  among  fish 
thus  naturally  led  upon  occasion  to  take  in  air-bubbles,  there 
are  any  having  slight  differences  in  the  alimentary  canal  that 
facilitate  lodgment  of  the  air,  or  slight  nervous  differences 
such  as  in  human  beings  cause  an  accidental  action  to  be- 
9om6  *'a  trick/'  it  must  happen  that  if  an  advantage  acerues 
from  the  habitual  detention  of  air-bubbles,  those  individuals 
most  apt  to  detain  them,  will,  other  things  equal,  be  more 
likely  than  the  rest  to  survive ;  and  by  the  survival  of 
ieacendants  inheriting  their  peculiaritiea  in  the  greatest 
legrees,  and  increasing  them,  an  established  structure  and  an 
established  habit  may  arise.  And  that  they  do  in  some 
«ray  arise  we  have  proof:  the  common  Loach  is  well  known 
to  swallow  air,  which  it  afterwards  discharges  loaded  with 
carbonic  acid. 

From  air  thus  swallowed  the  advantages  that  may  bo 
lerived  are  of  two  kinds.     In  the  first  place,  the  fish  is  made 
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specifically  lighter,  and  the  moscalar  effort  needed  to  keep  it 
from  sinking  is  diminished--K)r,  indeed,  if  the  bubble  is  of 
the  right  size,  is  altogether  saved.  The  contrast  between  the 
moTements  of  a  Goby,  which,  after  swimming  up  towards  the 
surface  falls  rapidly  to  the  bottom  on  ceasing  its  exertions, 
and  the  movements  of  a  Trout,  which  remains  suspended  just 
balancing  itself  by  slight  undulations  of  its  fins,  shows  how 
great  an  economy  results  from  an  internal  float,  to  fishes  which 
seek  their  food  in  mid- water  or  at  the  surface.  Hence  the 
habit  of  swallowing  air  having  been  initiated  in  the  way 
described,  we  see  why  natural  selection  will,  in  certain  fishes, 
aid  modifications  of  the  alimentary  canal  favouring  its 
lodgment — ^modifications  constituting  air-sacs.  In 

the  second  place,  while  from  air  thus  lodged  in  air-sacs  thus 
developed,  the  advantage  will  be  that  of  flotation  only  if  the 
air  is  infrequently  changed  or  never  changed ;  the  advantage 
will  be  that  of  supplementary  respiration  if  the  air-sacs  are 
from  time  to  time  partially  emptied  and  refilled.  The  re- 
quirements of  the  animal  will  determine  which  of  the  two 
functions  predominates.  Let  us  glance  at  the  different  sets 
of  conditions  under  which  these  divergent  modifications 
may  be  expected  to  arise. 

The  respiratory  development  is  not  likely  to  take  place  in 
fishes  that  inhabit  seas  or  rivers  in  which  the  supply  of 
aerated  water  never  fails :  there  is  no  obvious  reason  why 
the  established  branchial  respiration  should  be  replaced  by  a 
pulmonic  respiration.  Indeed,  if  a  fish's  branchial  respiration 
is  adequate  to  its  needs,  a  loss  would  result  from  the  effort  of 
coming  to  the  surface  for  air ;  especially  during  those  first 
stages  of  pulmonic  development  whnn  the  extra  aeration 
achieved  was  but  smalL  Hence  in  fishes  so  circumstanced, 
the  air-chambers  arising  in  the  way  described  would  naturally 
become  specialized  mainly  or  wholly  into  floats.  Their  con- 
tained air  being  infrequently  changed,  no  advantage  would 
arise  from  the  development  of  vascular  plexuses  over  tbeii 
surfaces ;  nothing  would  be  gained  by  keeping  open  the  com- 


THR  IXNBB  TiaSXTES  OF  ANIMALS.  323 

miinicatioii  between  them  and  the  alimentary  canal;  and 
there  might  thus  eventually  result  closed  chambers  the 
gaseous  contents  of  which,  instead  of  being  obtained  from 
without,  were  secreted  from  their  walls,  as  gases  often  are 
from  mucous  membranes.  Contrariwise,  aquatic 

vertebrata  in  which  the  swallowing  of  air-bubbles,  becoming 
habitual,  had  led  to  the  formation  of  sacs  that  lodged  tbu 
bubbles ;  and  which  continued  to  inhabit  waters  not  always 
supplying  them  with  sufficient  oicygen ;  might  be  expected 
to  haye  the  sacs  further  developed,  and  the  practice  of  chang- 
ing the  contained  air  made  regular,  if  either  of  two  advan- 
tages resulted — either  the  advantage  of  being  able  to  live  in 
old  habitats  that  had  become  untenable  without  this  modifi- 
cation, or  the  advantage  of  being  able  to  occupy  new  habitats. 
Now  it  is  just  where  these  advantages  are  gained  that  we  see 
the  pulmonio  respiration  coming  in  aid  of  the  branchial 
respiration,  and  in  yarious  degrees  replacing  it  Shallow 
waters  are  liable  to  three  changes  which  conspire  to  make 
this  supplementary  respiration  beneficiuL  The  summer's  sun 
heats  them,  and  raising  the  temperatures  of  the  animals  they 
contain,  accelerates  the  circulation  in  these  animals,  exalts 
their  functional  activities,  increases  the  production  of  car- 
bonic acid,  and  thus  makes  aeration  of  the  blood  more  needful 
than  usual.  Meanwhile  the  heated  water,  instead  of  yielding 
to  the  highly  carbonized  blood  brought  to  the  branchiae  the 
usual  quantity  of  oxygen,  yields  less  than  usual ;  for  as  the  heat 
of  the  water  increases,  the  quantity  of  air  it  contains  diminishes. 
And  this  greater  demand  for  oxygen  joined  with  smaller 
supply,  pushed  to  an  extreifie  where  the  water  is  nearly  all 
evaporated,  is  at  last  still  more  intensely  felt  in  consequence 
of  the  excess  of  carbonic  acid  discharged  by  the  numerous 
creatures  congregated  in  the  muddy  puddles  that  remain. 
Here,  then,  it  is,  that  the  habit  of  taking  in  uir-bubbles  is 
likely  to  become  established,  and  the  organs  for  utilizing  them 
developed ;  and  here  it  is,  accordingly,  that  we  find  all  slagcs 
of  the  transition  to  acriul  respiration.     The  Loach  before- 


826  PHT310LCX31CAL  DEV£LOP!kIENT. 

mentioned,  which  swallowa  air,  frequents  small  waters  liable 
to  be  considerably  warmed ;  and  the  Cuchiay  an  anomalous 
eel-shaped  fish,  which  has  vascular  air-sacs  opening  out  at  (he 
back  of  the  mouth,  "is  generally  found  lurking  in  holes 
and  crevices,  on  the  muddy  banks  of  marshes  or  slow-moving 
rivers."  Still  more  significant  is  the  fact  that  the  Lepidoeiren, 
or  ''  mud-fish  "  as  it  is  called  from  its  habits,  is  the  only  true 
fish  that  has  lungs.  But  it  is  among  the  Amphibia  that  we  see 
most  conspicuously  this  relation  between  the  development 
of  air-breathing  organs,  and  the  peculiarities  of  the  habitats. 
Pools,  more  or  less  dissipated  annually,  and  so  rendered  unin- 
habitable by  most  fishes,  are  very  generally  peopled  by  tbeso 
transitional  types.  Just  as  we  see,  too,  that  in  various 
climates  and  in  various  kinds  of  shallow  waters,  the  supple- 
mentary aerial  respiration  is  needful  in  difierent  degrees ;  so 
do  we  find  among  the  Amphibia  many  stages  in  the  substi- 
tution of  the  one  respiration  for  the  other.  The  facts,  then, 
are  such  as  give  to  the  hypothesis  a  vraisemblance  greater  than 
could  have  been  expected. 

The  relative  effects  of  direct  and  indirect  equilibration  in 
establishing  this  further  heterogeneity,  must,  as  in  many  other 
cases,  remain  undecided.  The  habit  of  taking  in  bubbles  is 
scarcely  interpretable  as  a  result  of  spontaneous  variation :  we 
must  regard  it  as  arising  accidentally  during  the  effort  to 
obtain  the  most  aerated  water;  as  being  persevered  in 
because  of  the  relief  obtained ;  and  as  growing  by  repetition 
into  a  tendency  bequeathed  to  offspring,  and  by  them,  or 
some  of  them,  increased  and  transmitted.  The  formation  of 
the  first  slight  modifications  of  the  alimentary  canal  favouring 
the  lodgment  of  bubbles,  is  not  to  be  thus  explained.  Some 
favourable  variation  in  the  shape  of  the  passage  must  here 
have  been  the  initial  step.  But  the  gradual  increase  of  this 
structural  modification  by  the  survival  of  individuals  in  which 
it  is  carried  furthest,  will,  I  think,  be  all  along  aided  by 
immediate  adoptation.  The  part  of  the  alimentary  canal 
previously  kept  from  tho  air,  but  now  habitually  in  contact 
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with  the  air,  must  be  ia   some   degree  modified  by   tho 
action  of  the  air;    and  the  directly-produced   modification, 
increasing  in  the  individual  and  in  successive  individuals, 
cannot  cease  until  there  is  a  complete  balance  between  tho 
actions  of  tho  changed  agency  and  the  changed  tissue.     It  is 
indeed  probable  that  the  growth  as  well  as  the  differentiation 
of  the   pulmonic  surface,  when  once  commenced,   will  bo 
furthered  by  the  direct    process.      The    reasoning   before 
nsed  in  the  case  of  branchio}  (§  292)   applies  in  tho  cuso 
of  lungs.    If  exchange  between  the  plasma  in  the  blood- 
vessels and  the  plasma  in    the  tissues  surrounding  them, 
goes  on   with  a   rapidity  that   becomes   greater  where  the 
difference  between  them  becomes  greater ;  if,  consequently, 
at   some  place  where   tho   carbonized   plasma    inside   the 
blood-vessels  is  brought  close  to  an  imusually  decarbonized 
OT  much  oxygenated  plasma  outside  of  the  blood-vessels,  the 
^change  of  these  liquids  becomes  unusually  active  ;  if,  as  a 
result,  the  circulation  in  the  part  is  augmented ;  then  it  is  to 
oe  inferred  that  the  extra  nutrition  will  cause  extra  growth, 
rhe  surface  of  the  rudimentary  lung  will  increase  in  area  so 
ong  as  the  capillary  osmose  is  much  greater  than  in  other 
Dorts  of  the  body ;  and  it  will  continue  to  be  greater  until, 
)y  the  extension  of  the  aerating  surface,  the  respiratory 
exchange  has  been  rendered  so  efficient  as  to  bring  down  the 
x)ntrast  between  the  intra- vascular  and  extra- vascular  liquids 
0  a  level  with  the  contrasts  between  the  intra- vascular  and 
:xtra- vascular  liquids  in  other  organs.    That  is  to  say,  the 
p'owth  which  this  direct  action  produces,  will  go  on  until  the 
unctional  efficiency  of  the  lungs  is  in  equilibrium  with  the 
unctional  efficiencies  of  other  parts  throughout  the  organism. 

§  300.  We  come  now  to  differentiations  among  the  truly 
aner  tissues — the  tissues  which  have  direct  converse  neither 
ath  the  environment  nor  with  the  foreign  substances  taken 
ato  the  organism  from  the  environment.  These,  speaking 
roadly,  are  the  tissues  which  lie  between  the  double  layer 
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forming  the  integument  with  its  appendages,  and  the  doabi 
layer  forming  the  alimentary  canal  with  its  dicertieuta.  TVl 
will  take  first  the  diScrentiation  which  produces  the  Tasculal 
system.  I 

Certain  forces  producing  and  aiding  distribution  of  liquids  i 
animals,  come  into  play  before  any  vascular  system  exists 
and  continue  to  further  circulation  after  the  development  c 
a  vascular  system.  The  first  of  these  is  osmotic  exchangv 
acting  locally  and  having  an  indirect  general  action ;  th 
second  is  osmotic  distension,  acting  generally  and  having  a 
indirect  local  action ;  the  third  is  local  variation  of  pressui 
which  movement  of  the  body  throws  on  tho  tissues  and  thci 
contained  liquids.  A  few  words  are  needed  in  elucidation  c 
each.  If  in  any  creature,  however  simple,  diffcrei: 

changes  are  going  on  in  parts  that  are  di£Eerently  conditiond 
— ^if,  as  in  a  ITtfdra,  one  surface  is  exposed  to  the  surroundin 
medium  while  the  other  surface  is  exposed  to  dissolved  food 
then  between  the  unlike  liquids  which  the  dissimilarly-plncd 
parts  contain,  osmotic  currents  must  arise ;  and  a  movemei 
of  liquid  through  the  intermediate  tissue  must  go  on  as  Ion 
as  an  unlikeness  between  the  liquids  is  kept  up.  This  prima? 
cause  of  re-distribution  remains  one  of  the  causes  of  re-distr 
bution  in  every  more-developed  organism :  the  possage  • 
matters  into  and  out  of  the  capillaries  is  everywhere  thi 
set  up.  And  obviously  in  producing  these  local  current 
osmose  must  also  indirectly  produce  general  currents,  or  a- 
them  if  otherwise  produced.  Osmose,  however,  sti 

further  aids  circulation  by  the  liquid  pressure  which  it  est  I 
blishes  throughout  the  organism.  More  marked  than  U 
contrasts  between  the  liquids  in  some  parts  and  those  i 
other  parts,  is  the  contrast  between  the  whole  mass  , 
liquid  in  the  animal  and  the  liquid  bathing  its  surfaces- 
either  the  water  in  which  it  is  immersed,  or  the  water  taki 
into  its  alimentary  canal.  Its  blood  and  all  its  juices  beir 
denser  than  water,  the  result  is  an  osmotic  absorption  ten* 
ins  ever  to   distend   all   its  permeable   parts^its  tissm 
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and  its  vessels  when  it  has  them.    But  those  vessels  and 
lissues  are  elastic;  and  if  distended  must  everywhere  com- 
press their  contents — ^must  tend,  therefore,  to  squeeze  out  their 
contents  where  there  is  least  resistance.    Consequently,  if  at 
my  place  there  is  an  abstraction  of  nutritive  liquid,  either 
Tor  growth  or  function,  more  nutritive  liquid  will  be  forced 
towards  that  phicc.     This  cause  of  currents,  which  cannot 
fail  to  work  throughout  the  distended  tissues  even  of  animals 
:hat  are  without  blood-vessels,  comes  more  actively  into  play 
.vhere  the  body  ia  everywhere  traversed  by  these  branching 
ubes  with  elastic  walls.     AVhen  we  learn  that  the  pressure 
)f  blood  within  the  arteries  and  veins  of  a  mammal  varies 
rom  some  3  lbs.  to  ^  of  a  lb.  per  square  inch,  wo  see,  on 
iveraging  this  pressure,  that  the  coats  of  the  vascular  system 
:xert  considerable  force  on  the  blood.     This  average  pressure 
xinnot  be  duo  to  the  heart's  action ;  since  if,  in  the  absence 
>f  the    heart's  action,  the  whole  mass   of   the   blood  in 
ho  vascular  system  were  not  above  atmospheric  pressure, 
he  heart's   action    could    not    produce  a    pressure  abovo 
hat  of  the  atmosphere  in  one  part  of  the  vascular  system 
rithout  lowering   the   pressure  below  that  of   the  atmo- 
phere  in   another  part  of   the  vascular    system.      Hence 
t  follows  that  irrespective  of  the  heart's  action,  the  dis« 
ended  walls    of   the   vascular  system    must    so   compress 
he   blood,    as    to    cause    a    flow    of    it    towards    places 
fhcre  its  escape  is  least  resisted — ^towards  places,  that  is, 
rhere  it  is  most  rapidly  abstracted  by  function  or  growth, 
fhis  is  a  cause  of  distribution  which  is  at  work  before  any 
entral  organ  of  circulation  exists.    Though  in  the  rudimen- 
ary  vascular  systems  of  the  simpler  animals,  the  osmotic 
listension  is  probably  nothing  like  so  great,   there  must 
le  some  of  it ;   and  in  the  absence  of  a  pumping  organ, 
his   force   ia   probably   an    important   aid  to  that   move- 
Qcnt  of  the  blood  which  the  functions  set  up.  How 

he  third  cause — the  changes  of  internal  pressure  which  an 
iiimars  movements  produce-^furthers  eirculaiion,  will  be 
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sufficiently  manifest.  That  parts  which  are  bent  or  strainer 
necessarily  have  their  contained  Teasels  squeezed,  has  beei 
before  shown  (§  281) ;  and  whether  the  bend  or  strain  i| 
caused,  as  in  a  plant,  by  an  external  force,  or,  as  usually  in  or 
animal,  by  an  internal  force,  there  must  be  a  thrusting  of  th< 
liquids  towards  places  of  least  resistance — that  is,  towardi 
places  of  greatest  consumption.  This  which  in  animals  with 
out  hearts  is  a  main  agent  of  circulation,  continues  to  furthe 
it  very  considerably  even  among  the  highest  animals.  Then 
is  experimental  proof  of  the  fact.  The  pressure  in  the  jugu 
lar  vein  of  a  horse,  which  is  about  §  of  a  pound  pe 
square  inch  while  the  muscles  are  at  rest,  rises  to  2^  lbs.  pe 
square  inch  when  the  muscles  are  contracted  to  raise  th< 
head.  Such,  then,  are  the  several  forces  we  have  ti 

take  into  account  in  studying  the  genesis  of  the  vasculu 
system.    Let  us  now  pass  to  the  facts  to  be  interpreted.        | 

Even  in  such  simple  types  as  the  ITi/drosoa,  cavities  in  thi 
sarcode  faintly  indicate  a  structure  that  facilitates  the  transfe 
of  nutritive  matters.  These  vacuoles,  possibly  caused  by  th 
contraction  of  colloid  substance  in  passing  from  the  solubl 
10  the  insoluble  state,  become  reservoirs  filled  with  th 
plasma  that  slowly  oozes  through  the  sarcode;  and  ever 
movement  of  the  animal,  accompanied  as  it  must  be  b; 
changed  pressures  and  tensions  on  these  reservoirs,  tend 
here  to  fill  them  and  there  to  squeeze  out  their  contents  i) 
that  or  the  other  direction — possibly  aiding  to  produce,  bj 
union  of  several  vacuoles,  those  lacunse  or  irregular  cana] 
which  the  sarcode  in  some  cases  presents.  I 

Irregular  canals  of  this  kind,  not  lined  with  any  mem 
brancs  but  being  simply  cavities  running  through  the  flesl: 
mainly  constitute  the  vascular  system  in  MoUuscoida  and  man; 
Mollu9ca.  In  the  simplest  of  these  types  the  nutritive  liquic 
absorbed  into  the  cavity  of  the  peri-visceral  sac,  is  thnu 
hither  and  thither  through  this  sac  with  every  change  in  th 
creature's  attitude,  and  simultaneously  fills  some  of  th 
sinuses  which  open  out  of  this  sac  and  run  through  the  suL 
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stance  of  the  body.    This  distribution  of  the  plasma,  which 

nuscular  moyement  and  osmotic  distension  here  combine  to 

lid,  is,  in  somewhat  more  developed  types,  further  aided  by 

I  .rudimentary  heart :  in  the  peri- visceral  sac  is  seated  an 

)pen-mouthed  tube,  along  which  a  wave  of  contraction  pro- 

:eeds,  first  for  a  while  io  one  direction  and  then  again  in  the 

)ppo8ite  direction.    The  higher  orders  of  MoUusca  have  this 

•imple  contractile  tube  developed  into  a  branched  system  of 

'essels  or  arteries,  which  run  into  the  substance  of  the  body 

md  end  in  lacunae  or  simple  fissures.     This  ending  in  lacuntc 

akes  place  at  various  distances  from  the  vascular  centre.     In 

ome  genera  the  arterial  structure  is  carried  to  the  periphery 

if  the  blood-system,  while  in  others  it  stops  short  midway. 

Chroughout  most  orders  of  the  jUTollusea  the  back  currenc 

>f  blood  continues  to  be  carried  by  channels  of  the  orifviuiil 

:ind :  there  are  no  true  reins,  but   the  blood   having  beoii 

elivered  into  the  tissues,  finds  its  way  back  to  the  peri-vis- 

cral  cavity  through  inosculating  sinuses.    Among  the  Co- 

ihalopods,  however,  the  afferent  blood-canals,  as  well  as  the 

fferent  ones,  acquire  distinct  walls ;  but  even  here  the  shut- 

ing  off  of  the  vascular  system  from  the  general  cavity  of  the 

ody  is  not  complete;  since  there  are  still  certain  veins  which 

mpty  themselves  into  the  peri-visceral  sac.  Put- 

Qg   together   these   facts   we   may  see  pretty  clearly  the 

ages  of  vascular  development.     From  the  original  reservoir 

r  nutritive  liquid  between  the  alimentary  canal  and  the  wuU 

f  the  body,  a  portion  is  partially  shut  off;  and  by  the  ver- 

licular  contraction  of  the  open  tube  thus  formed,  there  is 

reduced  a  more  rapid  transfer  of  the  nutritive  liquid  from 

le  ^rt  of  the  peri- visceral  sue  to  another,  than  was  origi- 

ally  produced  by  the  motions  of  the  animal.     Clearly,  the 

ctension  of  this  contractile  tube  and  the  development  from 

of  branches  running  hither  and  thither  into  the  tissues, 

ust,  by  defining  the  channels  of  the  blood  throughout  a  part 

*  its  course,  render  its  distribution  more  regular  and  active. 

8  fast  as  this  centrifugal  growth  of  definite  channels  advances. 
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80  fast  are  the  efferent  currents  of  blood,  prevented  fioii! 
escaping  laterally,  obliged  to  move  from  the  centre  towardi 
the  circumference  ;  and!  so -fast  also  does  the  less-developec 
set  of  channels  "-become, -of  necessity,  occupied  by  afferen' 
currents.  When,  by  a  parallel  increase  of  definiteness,  th* 
lacunce  and  irregular  sinuses  through  which  the  afferent  cnr 
rents  pass,  become  transformed  into  veins,  the  accompanyinj 
disappearance,  of  all  stagnant  or  slow-moving  coUoctions  o 
blood,  implies  a  further  improvement  in  the  circulation. 

By  what  agency  is  effected  this  differentiation  of  a  deflnit 
vascular  system  from  the  indefinite  peri- visceral  sac  ?  N 
sufficient  reply  is  obvious.  The  genesis  of  the  primordit 
heart  is  not  comprehensible  as  a  result  of  direct  equilibration 
and  we  cannot  readily  see  our  way  to  it  as  a  result  of  in 
direct  equilibration;  for  it  is  difficult  to  imagine  what  favoui 
able  variation  natural  selection  could  have  seized  hold  of  t 
produce  such  a  structure.  A  contractile  tube  that  aide 
the  distribution  of  nutritive  liquid,  being  once  establishec 
survival  of  the  fittest  would  suffice  for  its  gradual  eztensio 
and  its  successive  modifications.  But  what  were  the  ear] 
stages  of  the  contractile  tube,  while  it  was  yet  not  sufficient! 
formed  to  help  circulation,  and  while  it  must  nevertheless  hai 
had  some  advantage  without  which  no  selective  process  cod 
<>o  on  ?  This  part  of  the  question  we  must  leave  as  at  presei 
insoluble.  To  another  part  of  the  question,  hov 

ever,  an  answer  may  be  ventured.  If  we  ask  the  origin 
those  ramifying  channels  which,  first  appearingas  simple  chai 
nels,  eventually  b^ome  vessels  having  definite  walk,  a  rep' 
admitting  of  considerable  justification,  is,  that  the  currents ' 
nutritive  liquid  forced  and  drawn  hither  and  thither  throug 
the  tissues  themselves  initiate  these  channels.  TVe  know  th 
streams  running  over  and  through  solid  and  quasi-solid  ino 
ganic  matter,  tend  to  excavate  definite  courses.  We  sa 
reason  for  concluding  that  the  development  of  sap-channc 
in  plants  conforms  to  this  general  principle.  May  we  n 
then  suspect  that  the  nutritive  liquid  contained  in  the  tiss 
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if  a  simple  animali  made  to  ooze  now  in  this  direction  and 
low  in  that  by  osmotic  distension  and  by  the  changes  of 
>ressare  which  the  animal's  movements  cause,  comes  to  have 
ertain  lines  along  which  it  is  thrast  backwards  and  forwards 
acre  than  along  other  lines ;  and  must  by  repeated  passings 
lake  these  more  and  more  permeable,  until  they  become 
icunsD?  Such  actions  will  inevitably  go  on;  and  such  actions 
ppear  competent  to  produce  some,  at  least,  of  the  observed 
ffects.  The  leading  facts  which  indicate  that  this  is  a  part 
ause  of  vascular  development,  are  these. 

Growths  normally  recurring  in  certain  places  at  certain 

itervals,  are  accompanied  by  local  formations  of  blood- vessels. 

he  periodic  mnturation  of  ova  among  the  Mammalia,  supplies 

a  instance.     Through  the  stroma  of  an  ovarium  are  dls- 

•ibuted  innumerable  minute  vesicles,  which,  in  their  earlv 

ages,  are  micrcscopic.    Of  these,  severally  contained  in  thoir 

inute   ovi-sacs,   any   one    may  develop:    the  determining 

luse  being  probably  some  slight  excess  of  nutrition.     When 

le  development  is  becoming  rapid,  the  capillaries  of  the 

^ighbouring  stroma  increase  and  form  a  plexus  on  the  walL^ 

*  the  ovi-sac.     Now  since  there  is  no  typical  distribution  of 

le  developing  ova  ;  and  since  the  increase  of  an  ovum  to 

certain  size   precedes  the  increase  of  vascularity  round 

;   we  can  scarcely   help  concluding   that   the  setting   up 

currents    towards    the   point  of  growth  determines  the 

rmation  of    the   blood-vessels.      It   mav   be   that  huvinrr 

ice  commenced,   this   local   ^vascular  structure  completes 

lelf  in  a  typical  manner;   but   it  seems   dear   tliat  this 

-eater  development  of  blood-vessels  around  the  growing 

um  is  initiated  by  the  draught  towards  it.  Ab- 

•rmal  growths  show  still  better  this  relation  of  cause  and  cf- 

2t.     The  false  membranes  sometimes  found  in  the  bronchial 

bes  in  croup,  may  perhaps  fairly  be  hel^  abnormal  in  but  a 

rtial  sense :  it  may  be  said  that  their  vascular  systems  are 

*med  after  the  type  of  the  membranes  to  which  they  are 

in.     But  this  can  scarcely  be  said  of  the  morbid  growths 
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classed  as  malignant.    The  blood-vessels  in  an  endltphaloi^ 
cancer,  are  led,  to  enlarge  and  ramify,- often  to  animmcns 
extent,  by  the  unfolding  of  the^?inorbidi^ct88^o>hich  the; 
carry  blood.     Alien  as  is  the  structure  as  a  whole  to  the  typ 
of  the  organism ;  and  alien  in  great  measure  as  is  its  tissu 
to  the  tissue  on  which  it  is  seated ;  it  nevertheless  happen 
that  the  growth  of  the  alien  tissue  and  accompanying  at 
straction  of  materials  from  the  blood-vessels,   determine  , 
corresponding  growth  of  these  blood-vessels.    Unless,  thei 
we  say  that  there  is  a  providentially-created  type  of  vascuk 
structure  for  each  kind  of  morbid  growth  (and  even  th 
would  not  much  help  us,  since  the  vascular  structure  ht 
no  constancy  within  the  limits  of  each  kind),  we  are  coir 
pelled  to  admit  that  in  some  way  or  other  the  currents  < 
blood  are  here  directly  instrumental  in  forming  their  ow 
channels.  One  more  piece  of  evidence,  before  cite 

as  exemplifying  adaptation  (§  67),  may  be  called  to  mint 
When  any  main  channel  for  blood,  leading  to  or  from, 
certain  part  of  the  body,  has  been  rendered  imperviou 
others  among  the  channels  leading  to  or  from  this  same  par 
enlarge  to  the  extent  requisite  for  fulfilling  the  extra  fum 
tion  that  falls  upon  them :  the  enlargement  being  caused,  ( 
we  must  infer,  by  the  increase  of  the  currents  carried. 

Here  then  are  facts  warranting  inductively  the  deductii 
above  drawn.  It  is  true  that  we  are  left  in  the  dark  rcspec 
ing  the  complexities  of  the  process.  How  the  channels  f 
blood  come  to  have  limiting^  membranes,  and  many  of  th^ 
muscular  coats,  the  hypothesis  does  not  help  us  to  say.  B| 
the  evidence  assigned  goes  far  to  warrant  the  belief  that  vase 
lar  development  is  initiated  by  direct  equilibration ;  though  i 
direct  equilibration  may  have  had  the  larger  share  in  establis 
ing  the  structures  which  distinguish  finished  vascular  systen 

§  301.  Of  the  inner  tissues  which  remain  let  us  next  ta 
bone.  In  what  manner  is  differentiated  this  dense  substan 
serving  in  most  cases  for  internal  support  ? 
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of  being  displaced  by  it.  ITot  forgetting  that  many  processea 
of  the  bones  have  to  bear  tensions,  we  may  then  say  that 
generally^  though  by  no  means  universally,  bones  are  in- 
ternal dense  masses  that  have  to  bear  pressures — ^pressuros 
which  in  the  cylindrical  bones  become  longitudinal  thrustd. 
Leaving  out  exceptional  cases,  let  us  consider  bones  as  massesj 
thus  circumstanced, 

TThen  giving  reasons  for  the  belief  that  the  vertcbruto 
skeleton  is  mechanically  originated,  one  of  the  facts  put  in 
evidence  was,  that  in  the  vertebrate  series  the  transition  from 
the  cartilaginous  to  the  osseous  spine  begins  peripherally 
(§  257) :  each  vertebra  being  nt  first  a  ring  of  bone  sur- 
rounding a  moss  of  cartilage.  And  it  was  pointed  out  that 
this  peripheral  ossification  is  ossification  at  the  region  ot 
•greatest  pressures.  Now  it  is  not  vertebra)  only  that  follow 
;his  course  of  development.  In  a  cylindrical  bone,  though 
it  is  differently  circumstanced,  the  places  of  commencing  ossi- 
fication are  still  the  places  on  which  the  severest  stress  falls. 
Let  us  consider  how  such  a  bone  that  has  to  bear  a  longitu- 
dinal pressure  is  mechanically  affected.  If  the  end  of  a 
walking-cane  be  thrust  with  force  against  the  ground,  the  cane 
bends ;  and  partially  resuming  its  straightness  when  relieved, 
again  bends,  usually  towards  the  same  side,  when  the  thrust 
is  renewed.  A  bend  so  caused  acts  on  the  fibres  of  the  cano 
in  nearly  the  same  way  as  does  a  bend  caused  by  supporting 
the  cane  horizontally  at  its  two  ends  and  suspending  a 
weight  from  its  middle.  In  either  case  the  fibres  on  the  con- 
vex  side  are  extended  and  the  fibres  on  the  concave  side  com- 
pressed. xEIindred  actions  occur  in  a  rod  that  is  so  thick  as 
lot  to  yield  visibly  under  the  force  applied.  In  the  absence 
jf  complete  homogeneity  of  its  substance,  complete  symmetry 
n  its  form,  and  an  application  of  a  force  exactly  along  its 
there  must  be  some  lateral  deflection;   and  therefore 
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iome  distribution  of  tensions  and  pressures  of  the  kind  indi- 
%ited.  And  then,  as  the  fact  which  here  specially  concerns  us, 
ve  have  to  note  that  the  strongest  tensions  and  pressures  ai*e 
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borne  by  the  outer  layera  of  fibres.  Now  the  shaft  of  a  long 
bone,  subject  to  mechanical  actions  of  this  kind,  similarly  has 
its  outer  layer  most  strained.  In  this  layer^  therefore,  on  the 
mechanical  hypothesis,  ossification  should  commence,  and  here 
it  does  commence — commenceSi  too,  midway  between  the  ends 
where  the  bends  produce  on  the  superficial  parts  their  most 
intense  efibcts.  But  we  have  not  in  this  place  simply 

to  observe  that  ossification  commences  at  the  places  of  greatest 
stress,  but  to  ask  what  causes  it  to  do  this.  Can  we  trace  the 
physical  actions  which  set  up  this  deposit  of  dense  tissue?  It 
is,  I  think,  possible  to  indicate  a  "  true  cause ''  that  is  at  work ; 
though  whether  it  is  a  sufficient  cause  may  be  questioned. 
We  concluded  that  in  certain  other  cases,  the  formation  of 
dense  tissue  indirectly  results  from  the  alternate  squeezing 
and  relaxation  of  the  vessels  running  through  the  part ;  and 
the  inquiry  now  to  be  made  is,  whether,  iu  developing  bone, 
the  same  actions  go  on  in  such  ways  as  to  produce  the  ob- 
served effects.  At  the  outset  we  are  met  by  what  seems  a 
fatal  difficulty — cartilage  is  a  non- vascular  tissue :  this  sub- 
stance of  which  unossified  bones  consist  is  not  permeated  by 
minute  canals  carrying  nutritive  liquid,  and  cannot,  there- 
fore, be  a  seat  cf  actions  such  as  those  assigned.  This  ap- 
parent difficulty,  however,  furnishes  a  confirmation.  Foi 
cartilage  that  is  wliolly  without  blood-vessels  does  not  ossify : 
ossification  takes  place  only  at  those  parts  of  it  intc 
which  the  capillaries  penetrate.  Hence,  we  get  additional 
reason  for  suspecting  that  bone-formation  is  due  to  the  allegec 
cause ;  since  it  occurs  where  mechanical  strains  can  produce 
the  actions  described,  but  does  not  occur  where  mechanica 
strains  cannot  produce  them.  Let  us  consider  more  closeb 
what  the  factors  are,  and  how  they  will  cooperate  unde: 
the  particular  conditions.  It  seems  possible  tha 

these  canals  that  exist  in  the  superficial  layer  of  a  cartilagin 
ous  bone  before  it  begins  to  ossify,  are  themselves  produoet 
by  the  mechanical  actions.  For  every  time  a  mass  of  carti 
Ingo  is  strained    and  its  superficial  layers  more  espeoiall; 
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subject  to  tensions  and  pressures,  the  nutritive  liquid  .diffused 
tbrougli  the  substance  of  the  cartilage,  compressed  as  it  must 
be,  will  tend  to  ooze  from  the  surface  of  the  cartilage,  and  to 
return  again  when  the  stress  is  taken  off.  Such  alternate 
movements  of  the  nutritive  liquid,  perpetually  repeated,  will 
be  apt  to  form  channels.  These,  at  first  quite  superficial  and 
inappreciable,  will  become  more  appreciable ;  since,  when 
they  are  once  commenced,  any  further  additions  of  substance 
to  the  surface  will  be  prevented  from  closing  their  openings 
by  the  alternate  rushes  of  liquid ;  and  so  a  vascular  layer 
of  appreciable  thickness  may  gradually  be  formed.  But 
without  doing  more  than  hint  this,  it  will  suffice  for  the 
argument  if  wc  commence  with  the  external  vascular  layer 
OS  already  existing,  and  consider  what  will  take  place  in 
it.  Cartilage  is  elastic — is  somewhat  extensible,  and 

spreads  out  laterally  under  pressure,  but  resumes  its  form 
when  relieved.  How,  then,  will  the  capillaries  traversing 
such  a  substance  be  affected  at  the  places  where  it  is  strained 
by  a  bend?  Those  on  the  convex  side  will  be  laterally 
squeezed,  in  the  same  way  that  we  saw  the  s^ip-vesseU  on  the 
convex  side  of  a  bent  branch  are  squeezed ;  and  as  exudation 
of  the  sap  into  the  adjacent  prosenchyma  will  be  caused  in 
the  one  case,  so,  in  the  other,  there  will  be  caused  exudation 
of  serum  into  the  adjacent  cartilage :  extra  nutrition  and 
increase  of  strength  resulting  in  both  cases.  The  parallel 
ceases  here,  however.  In  the  shoot  of  a  pknt,  bent  in 
various  directions  by  the  wind,  the  side  which  was  lately 
compressed,  is  now  extended;  and  hence  that  squeezing 
of  the  sap-vessels  which  results  from  extension,  suffices  to 
feed  and  harden  the  tissue  on  all  sides  of  the  shoot.  But  it 
is  not  so  with  a  bone.  Having  yielded  on  one  side  under 
longitudinal  pressure,  and  resumed  as  nearly  as  may  be  its 
previous  shape  when  the  pressure  is  taken  off,  the  bone  yields 
again  towards  the  same  side  when  again  longitudinally 
pressed.  Hence  the  substance  of  its  concave  side,  never 
rendered  convex  by  a  bend  in  the  opposite  direction,  would 
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not  receive  any  extra  nutrition  did  no  other  action  come  into 
play.  But  if  we  consider  how  intermittent  pressures  must 
act  on  cartilage^  we  shall  see  that  there  will  resalt  extra 
nutrition  of  the  concave  side  also.  Squeeze  between  two 
pieces  of  glass  a  thin  bit  of  caoutchouo  that  has  a  hole 
through  it  While  the  caoutchouc  spreads  out  away  from 
the  centre,  it  also  spreads  inwards,  so  as  partially  to  close  the 
hole.  Everywhere  its  molecules  move  away  in  directions  of 
least  resistance ;  and  for  those  near  the  hole,  the  direction  of 
least  resistance  is  towards  the  hole.  Let  this  hole  stand  for 
the  transverse  section  of  one  of  the  capillaries  passing 
through  cartilage,  and  it  will  be  manifest  that  on  the  side  of 
the  unossi&ed  bone  made  concave  in  the  way  described,  the 
compressed  cartilage  will  squeeze  the  capillaries  traversing 
it;  and  in  the  absence  of  perfect  homogeneity  in  the 
cartilage,  the  squeeze  will  cause  extra  exudation  from  the 
capillaries  into  the  cartilage.  Thus  every  uddicional  strain 
will  give  to  the  cartilage  it  falls  upon,  an  additional  supply 
of  the  materials  for  growth.  So  that  presently  the  side 
which,  by  yielding  more  than  any  other,  proves  itself  to  bo 
the  weakest,  will  cease  to  be  the  weakest.  What  further  will 
happen  P  Some  other  side  will  yield  a  little — the  bends  will 
take  place  in  some  other  plane ;  and  the  portions  of  cartilage 
on  which  repeated  tensions  and  pressures  now  fall  will  be 
strengthened.  Thus  the  rate  of  nutrition,  greatest  at  the 
place  where  the  bending  is  greatest,  and  changing  as  tho 
incidence  of  forces  changes,  will  bring  about  at  every  point  a 
balance  between  the  resistances  and  the  strains.  Thus,  too, 
there  will  be  determined  that  peripheral  induration  which  wo 
sec  in  bones  so  circumstanced.  As  in  a  shoot  we  saw  that  tiie 
woody  deposit  takes  place  towards  the  outside  of  the  cylinder, 
where,  according  to  the  hypothesis,  it  ought  to  take  place ; 
so,  here,  we  see  that  the  excess  of  exudation  and  hardening, 
occurring  where  the  strains  are  most  intense,  will  form  a 
cylinder  having  a  dense  outside  and  a  porous  or  hollow 
inside.  These  processes  will  bo  essentially  the  same 
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in  bones  subject  to  more  complex  mecbanical  actions ;  such 
as  sundry  of  tbe  flat  bones  and  others  that  serve  as  internal 
fulcra.  Be  the  strains  transverse  or  longitudinal,  be  they 
torsion  strains  or  mixed  strains,  the  outer  parts  of  the  bone 
will  be  more  affected  by  them  than  its  inner  parts.  They 
will  therefore  tend  everywhere  to  produce  resisting  masses 
having  outer  parts  more  dense  than  their  inner  parts.  And 
by  causing  most  growth  where  they  are  most  intense,  will 
call  out  reactive  forces  adequate  to  balance  them — ^forms  and 
thicknesses  of  bone  offering  resistances  equal  to  the  strains, 
however  numerous  and  varied.  There  are  doubt- 

less obstacles  in  the  way  of  this  interpretation.     It  may  bo 
said  that  the  forces  acting  on  the  outer  layers  in  the  manner 
described,  would  compress  the  capillaries  too  little  to  produce 
(he  alleged  effects ;  and  if  evenly  distributed  along  the  whole 
lengths  of  the  layers,  they  would  probably  be  so.     But  it 
needs  only  to  bend  a  iiexible  mass  and  observe  the  tendency 
to  form  creases  on  the  concave  surface,  to  feel  assured  that 
along  the  surface  of  an  ossifying  bone,  the  yielding  of  the 
tissue  when  bent  will  not  be  uniform.    In  the  absence  of 
complete  homogeneity,   the   interstitial  yielding  will  take 
place  at  some  points  more  than  others,  and  at  one  point  above  . 
all  others.    At  these  weakest  points,  and  especially  at  one, 
the  action  on  the  capillaries  will  be  concentrated.     When, 
at  the  weakest  point — the  centre  of  commencing  ossification 
— an  extra  amount  of  deposit  has  been  caused,  it  will  cease 
to  be  the  weakest ;  and  adjacent  pomts,  now  the  weakest,  will 
become  the  plaices  of  yielding  and  induration.     And  in  pro- 
portion as  the  layer  becomes  filled  with  unyielding  matter, 
the  remaining  compressible  parts  of  it,  and  their  contained 
capillaries,  will  be  more  severely  compressed.     It  may  be 
further  objected  that  the  hypothesis  is  incompatible  with  the 
persistence  of  cartilage  for  so  long  a  time  between   the 
epiph}'8es  of  bones  and  the  bony  masses  which  they  ter- 
minate.    But  there  is  the  reply  that  the  places  occupied  by 
this  cartibge,  being  places  at  which  the  bone  lengthens,  the 
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non-ossification  is  in  part  apparent  "only-^it'  is  rather  that 
new  cartilage  is  formed  as  fast  as  the  pre-existing  cartikge 
ossifies ;  and  there  is  the  further  reply  that  the  slowness  of 
the  ultimate  ossification  of  this  part,  is  due  to  its  non- 
vascularity,  and  to  mechanical  conditions  that  are  nnfayour- 
able  to  its  acquirement  of  yascularitj.  Once  more,  the  de- 
murrer that  in  the  epiphyses  ossification  doAs  not  begin  at 
the  surface  but  within  the  mass  of  the  cartilage,  is  met  by  an 
explanation  parallel  to  that  before  given  (§  293,  note)  of  the 
deep-seated  induration  produced  by  an  external  pressure 
which,  during  long  intervals,  does  not  intermit  completely ; 
as  in  a  bunion,  a  node  on  the  instep,  and  what  is  called 
••  housemaid's  knee." 

Of  course  it  is  not  meant  that  this  osseous  development  by 
direct  equilibration,  takes  place  in  the  individual.  Though 
it  is  a  corollary  from  the  arirnmcnt  that  in  cadi  individual 
the  process  must  be  furthered  and  modified  by  the  particular 
actions  to  which  the  particular  bones  are  exposed ;  yet  the 
leading  traits  of  structure  assumed  by  the  bones  are  assumed 
in  conformity  with  the  inherited  type.  This,  however,  is  so 
difficulty.  The  type  itself  is  to  be  regarded  as  the  accumulated 
result  of  such  modifications,  tranpmitted  and  increased  from 
generation  to  generation.  The  actions  above  described  as 
taking  place  in  the  bone  of  an  individual,  must  be  imderstood 
as  producing  their  total  effect  little  by  little  in  the  corre- 
sponding bones  of  a  long  series  of  individuals.  Even  if  but 
a  small  modification  can  be  so  wrought  in  the  individual,  yet 
if  such  modification,  or  a  part  of  it,  is  inheritable,  we  may 
readily  understand  how,  in  the  course  of  geoiogio  epochs,  the 
observed  structures  may  arise  by  the  assigned  way. 

Here  may  fitly  come  in  a  strong  confirmation.  If  we  fiud 
cases  where  individual  bones,  subject  in  exceptional  degrees 
to  the  actions  described,  present  in  exceptional  amounts  the 
modifications  attributed  to  them,  we  are  greatly  helped  in 
understanding  how  there  may  be  produced  in  the  race  that 
aggregate  of  modifications  which  the  hypothesis  implieot 
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Bach  cases  occur  in  ricketty  children,  I  am  indebted  to  Mr. 
Busk  for  pointing  out  these  abnormal  formations  of  dense 
tissue,  that  are  not  apparently  explicable  as  results  ot 
mechanical  actions  aud  redactions.  It  was  only  on  tracing 
out  the  processes  here  at  work,  that  there  suggested  itself  the 
specific  interpretation  of  the  normal  processi  as  above  set 
forth.  When,  from  constitutional  defecti  bones  do 

not  ossify  with  due  rapidity,  and  are  meanwhile  subject  to 
the  ordinary  strains,  they  become  distorted.  Bemembering 
how  a  mass  which  has  been  made  to  yield  in  any  direction 
bv  a  force  it  cannot  withstand,  is  some  little  time  before  it 
recovers  completely  its  previous  form,  and  usually,  indeed, 
undergoes  what  is  called  a  ''permanent  set;"  it  is  inferublo 
that  when  a  bone  is  repeatedly  bont  nt  the  same  titno  that 
the  liquid  contained  in  its  capillaries  is  poor  in  the  materials 
for  forming  dense  tissue,  there  will  not  take  place  a  propor- 
tionate strengthening  of  the  parts  moat  strained  ;  and  these 
parts  will  give  way.  This  happens  in  rickets.  But  this 
having  happened,  there  goes  on  what,  in  teleological  language, 
we  call  a  remedial  process.  Supposing  the  bone  to  be  one 
commonly  affected — a  femur;  and  supposing  a  permanent 
bend  to  have  been  caused  in  it  by  the  weight  of  the  body ; 
the  subsequent  result  is  an  unusual  deposition  of  cartilaginous 
and  osseous  matter  on  the  concave  side  of  the  bone.  If  tho 
bone  is  represented  by  a  strung  boir,  then  tho  deposit  occurs 
at  the  part  represented  by  the  space  between  the  bow  and 
the  string.  And  thus  occurring  where  its  resistance  is  most 
effective,  it  increases  until  the  approximately«straight  piece 
of  bone  formed  within  the  arc,  has  become  strong  enough  to 
bear  the  pressure  without  appreciably  yielding.  ^  Now 
this  direct  adaptation,  seeming  so  like  a  special  provision, 
and  furnishing  so  remarkable  an  instance  of  what,  in  medicitl 
but  unscientific  language,  is  called  the  ti$  medicairix  naturrf, 
is  simply  a  result  of  the  above-described  mechanical  actions 
and  re-actions,  going  on  under  the  exceptional  conditions. 
Each  time  such  a  bent  bone  is  subject  to  a  force  which  ngriio 
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bends  it|  the  severest  compression  £sills  on  the  substance  of 
its  concave  side.  Each  time,  then,  the  capillaries  running 
through  this  part  of  its  substance  are  violently  squeezed — 
far  more  squeezed  than  they  or  any  other  of  the  capillaries 
would  have  been,  had  the  bone  remained  straight  Hence, 
on  every  repetition  of  the  strain,  these  capillaries  near  tho 
concave  surface  have  their  contents  forced  out  in  moro 
than  normal  abundance.  The  materials  for  the  formation  of 
tissue  are  supplied  in  quantity  greater  than  can  be  assimi- 
lated by  the  tissue  already  formed ;  and  from  the  excess  of 
exuded  plasma,  new  tissue  arises.  A  layer  of  organizable 
material  accumulates  between  the  concave  surface  and  the 
periosteum ;  in  this,  according  to  the  ordinary  course  of 
tissue-growth,  new  capillaries  appear ;  and  the  added  layer 
presently  assumes  the  histological  character  of  the  layer  from 
which  it  has  qrrown.  What  next  happens?  This  added 
layer,  further  from  the  neutral  axis  than  that  which  has 
.thrown  it  out,  is  now  the  most  severely  compressed,  and  its 
capillaries  are  the  most  severely  squeezed.  The  place  of 
greatesl  exudation  and  most  rapid  deposit  of  matter,  is  there* 
fore  transferred  to  this,  new  layer ;  and  at  the  same  time  that 
active  nutrition  increases  its  density,  the  excess  of  organizable 
material  forms  another  layer  external  to  it:  the  successive 
layers  b6  added,  encroaching  on  the  space  between  the  concave 
surface  of  the  bone  and  the  chord  of  its  arc.  What 

limits  the  encroachment  on  this  space  ? — what  stops  the  pro- 
cess of  filling  it  up  ?  The  answer  to  this  question  will  be 
manifest  on  observing  that  there  comes  into  play  a  cause 
which  gradually  diminishes  the  forces  falling  on  each  new 
layer.  For  the  transverse  sectional  area  is  step  by  step 
increased ;  and  an  increase  of  the  area  over  which  the  weight 
borne  is  distributed,  implies  a  relatively  smaller  pressure 
upon  each  part  of  it.  Further,  as  the  transverse  dimensions 
of  the  bone  increase,  the  materials  composing  its  convex  and 
concave  layers,  becoming  further  from  the  neutral  axisi 
become  better  placed  for  resisting  the  strains  to  be  boma 
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So  that  both  by  the  increased  quantity  of  dense  matter  and 
by  its  mechanically  more*advantageous  position,  the  bondings 
of  the  bone  are  progressively  decreased.  But  as  they  aro 
decreased,  each  new  layer  formed  on  the  oonoave  surface,  has 
its  substance  and  its  capillaries  less  compressed;  and  the 
resulting  growth  and  induration  are  rendered  less  rapid. 
Evidently,  then,  the  additions,  slowly  diminishing,  will 
eventually  cease ;  and  this  will  happen  when  the  bone  no 
longer  bends.  That  is  to  say,  the  thickening  of  the  bone  will 
reach  its  limit  when  there  is  equilibrium  between  the  inci- 
dent forces  and  the  forces  which  resist  them.  Here,  indeed, 
we  may  trace  with  great  clearness  tho  process  of  direct 
equilibration — may  see  bow  an  unusual  force,  falling  on  tho 
moving  equilibrium  of  an  organism  and  not  overthrowing  it, 
goes  on  working  modifications  until  the  re-action  balances 
the  action. 

Thut,  however,  which  now  chiefly  concerns  us,  is  to  note 
how  this  marked  adaptation  supports  the  general  argument. 
Unquestionably  bone  is  in  this  case  formed  under  the  influ- 
ence of  mechanical  stress,  and  formed  just  where  it  most 
effectually  meets  the  stress.  This  result,  not  ^otherwise 
explained,  is  explained  by  the  hypothesis  above  set  forth. 
And  when  we  see  that  this  special  deposit  of  bone  is  ac- 
counted for  by  actions  like  those  to  which  bone-formation  in 
general  is  ascribed,  the  probability  that  these  are  the  actions 
at  work  becomes  very  great. 

Of  course  it  is  not  alleged  that  osseous  structures  arise  in 
this  way  alone.  The  bones  of  the  skull  and  various  dermal 
bones  cannot  be  thus  interpreted.  Here  the  natural  selec- 
tion of  favourable  variations  appears  the  only  assignable 
cause — the  equilibration  is  indirect  We  know  that  ossific 
deposits  now  and  then  occur  in  tissues  where  they  are  not 
usually  found;  and  such  deposits,  originally  abnormal,  if 
they  occurred  in  places  where  advantages  arose  from  them, 
might  readily  be  established  and  increased  by  survival  of  t!ie 
6lte8t     Especially  might  wc  expect  thU  to  happen  when  n 
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constitutional  tendency  to  form  bone  hod  been  established  by 
actions  of  the  kind  described ;  for  it  is  a  familiar  fact  that 
differentiated  types  of  tissue,  haying  once  become  elements 
of  an  organism,  are  apt  Occasionally  to  arise  in '  unusual 
places,  and  there  to  repeat  all  their  peculiar  histological  cha- 
racters. And  this  may  possibly  be  the  reason  why  the  bones 
of  the  skull,  though  not  exposed  to  forces  such  as  those  which 
produce,  in  other  bones,  dense  outer  layers  including  less 
dense  interiors,  nevertheless  repeat  this  general  trait  of  bony 
structure.  While,  however,  it  is  beyond  doubt  that  some 
bones  are  not  due  to  the  direct  influence  of  mechanical  stress, 
we  may,  I  think,  conclude  that  mechanical  stress  initiates 
bone-formation. 

8  302.  What  is  the  origin  of  nerve  ?  In  what  wav  do  its 
properties  stand  related  to  the  properties  of  that  protoplasm 
whence  the  tissues  in  general  arise  ?  and  in  what  wav  is  it 
differentiated  from  protoplasm  simultaneously  with  the  other 
tissues?  These  are  profoundly  interesting  questions;  but 
questions  to  which  positive  answers  cannot  be  expected. 
All  that  can  be  done  is  to  indicate  answers  which  seem 
feasible. 

That  the  property  specially  displayed  by  nerve,  is  a  pro- 
perty  which  protoplasm  possesses  in  a  lower  degree,  is  mani- 
fest. The  sarcode  of  a  Rhizopod  and  the  substance  of  an 
unirapregnated  ovum,  exhibit  movements  that  imply  a  propa- 
gation of  stimulus  from  one  part  of  the  mass  to  another ;  and 
through  the  nerveless  body  of  a  polype,  we  see  slowly 
travelling  and  spreading  a  contraction  set  up  by  touching  a 
tentacle — a  contraction  which  implies  the  passage  from  part  to 
purt  of  some  stimulus  causing  the  contraction.  We 

have  not  far  to  seek  for  a  probable  origin  of  this  phenomenon. 
There  is  good  reason  for  ascribing  it  to  the  extreme  insta- 
bility of  the  organic  colloids  of  which  protoplasm  consists. 
These,  in  common  with  colloids  in  general,  assume  different 
isomeric   forms   with   great  facility ;    and  they  display  not 
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simply  isomerism  but  polymerism.  Farther,  this  readiness  to 
undergo  molecular  re-arrangement,  habitually  shows  itself  in 
colloids  by  the  rapid  propagation  of  the  re-arrangement 
from  part  to  part.  As  Prof.  Graham  has  shown,  matter  in 
this  state  often  "  poetizes  "  almost  instantaneously — a  touch 
will  transform  an  entire  mass.  That  is  to  say,  the  change  of 
molecular  state  once  set  up  at  one  end,  spreads  to  the  other 
end — there  is  a  progress  of  a  stimulus  to  change ;  and  this  is 
what  we  see  in  a  nerve.  So  much  being  understood,  let  us 
re-state  the  case  more  completely. 

Molecular  change,  implying  as  it  docs  motion  of  molecules, 
communicates  motion  to  adjacent  molecules ;  be  they  of  the 
same  kind  or  of  a  different  kind.  If  the  adjacent  molecules, 
cither  of  the  same  kind  or  of  a  different  kind,  be  stable  in 
composition,  a  temporary  increase  of  oscillation  in  them  as 
wholes,  or  in  their  parts,  may  be  the  only  result ;  but  if  they 
are  unstable  there  are  apt  to  arise  changes  of  arrangement 
among  them,  or  among  their  parts,  of  more  or  less  permanent 
kinds.  Especially  is  this  so  with  the  complex  molecules 
which  form  colloidal  matter,  and  with  the  organic  colloids 
above  all.  Hence  it  is  to  be  inferred  that  a  molecular  dis- 
turbance in  any  part  of  a  living  animal,  set  up  by  either  jin 
external  or  internal  agency,  will  almost  certainly  disturb  and 
change  some  of  the  surrounding  colloids  not  originally  im- 
plicsited — will  diffuse  a  wave  of  change  towards  other  parts 
of  the  organism  :  a  wave  which  will,  in  the  absence  of  per- 
fect homogeneity,  travel  further  in  some*  directions  than  in 
others.  Let  us  ask  next  what  will  determine  the 

differences  of  distance  travelled  in  different  directions.'  Ob* 
viously  any  molecular  agitation  spreading  from  a  centre,  will 
go  furthest  along  routes  that  offer  least  resistance.  What  routes 
wiU  these  be  ?  Those  along  which  there  lie  most  molecules 
that  are  cosily  changed  by  the  diffused  molecular  motion,  and 
which  yet  do  not  take  up  much  molecular  motion  in  assuming 
their  new  states.  Molecules  which  are  tolerably  stable  will 
not  readily  propagate  the  agitation  ;  for  they  will  absorb  it 
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in  the  increase  of  their  own  oscillations,  instead  of  passing  it 
on.  Molecules  which  are  unstable  but  which,  in  assuming 
isomeric  forms,  absorb  motion,  will  not  readily  propagate  it ; 
since  it  will  disappear  in  working  the  changes  in  them.  But 
unstable  molecules  which,  in  being  isomerically  transformed, 
do  not  absorb  motion,  and  still  more  those  which,  in  being 
so  transformed,  give  out  motion,  will  readily  propagate  any 
molecular  agitation ;  since  they  will  puss  on  the  impulse  either 
undiminished,  or  increased,  to  adjacent  molecules.  If 

then  we  assume,  as  we  are  not  only  warranted  in  doing  but 
are  obliged  to  do,  that  protoplasm  contains  two  or  more 
colloids,  either  mingled  or  feebly  combined  (since  it  cannot 
consist  of  simple  albumen  or  fibrin  or  casein,  or  any  allied 
proximate  principle) ;  it  may  be  concluded  that  any  mole- 
cular agitation  set  up  by  what  we  call  a  stimulus,  will  diiiuse 
itself  further  along  some  lines  than  along  others,  if  the  com- 
ponents of  the  protoplasm  are  cot  quite  homogeneously  dis- 
persed, and  if  some  of  them  are  isomericaliy  transformed 
more  easily,   or    with    less    expenditure    of    motion,   than 
others ;   and  it  will  especially  trayel  along  spaces  occupied 
chiefly  by  those  molecules  which  give  out  molecular  mo- 
tion during  their  metamorphoses,  if  there  should  be  any 
such.  But  now  let  us  ask  what  structural  effects 

will  be  wrought  along  a  tract  traversed  by  this  wave  of 
molecular  disturbance.  As  is  shown  by  those  transforma- 
tions that  so  rapidly  propagate  themselves  through  colloids, 
molecules  that  have  undergone  a  certain  change  of  form, 
are  apt  to  communicate  a  like  change  of  form  to  ad- 
jacent molecules  of  the  same  kind — the  impact  of  each 
overthrow  is  passed  on  and  produces  another  overthrow. 
Probably  the  pronenesa  towards  isochronism  of  moleculur 
movements  necessitates  this.  If  any  molecule  has  had 
its  components  re-arranged,  and  their  oscillations  conse- 
quently altered,  there  result  movements  not  concordant  with 
the  movements  in  adjacent  untransformed  molecules,  but 
which,  impressing  themselves  on  the  parts  of  such  untrans* 
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formed  molecules,  tend  to  generate  in  them  concordant  move* 
ments — tend,  that  is,  to  produce  the  re-arrangements  inyolved 
by  these  concordant  movements.  Is  this  action  limited  to 
strictly  isomeric  subistanccs  P  or  may  it  extend  to  substances 
that  are  closely  allied  P  If  along  with  the  molecules  of  a 
compound  colloid  there  are  mingled  those  of  some  kindrc<l 
colloid ;  or  if  with  the  molecules  of  this  compound  colloid 
there  are  mingled  the  components  out  of  which  other  such 
molecules  may  be  formed ;  then  there  arises  the  question- 
does  the  same  influence  which  tends  to  propagate  the  iso 
meric  transformations,  tend  also  to  form  new  molecules  of 
the  same  kind  out  of  the  adjacent  compunents  P  Tlicre  is 
reason  to  suspect  that  it  does.  Already  when  treating  of  tho 
nuirition  of  parts  (^  G4),  it  was  pointed  out  thuc  we  are  obliged 
to  recognize  a  power  possessed  by  each  tissue  to  build  up,  out 
of  the  materials  brought  to  it,  molecules  of  the  same  type  as 
those  of  which  it  is  formed.  This  building  up  of  like  mole- 
cules  seems  explicable  as  caused  by  the  tendency  of  the 
new  components  which  the  blood  supplieSi  to  acquire  more- 
ments  isochronous  with  those  of  the  like  components  in  tho 
tissue ;  which  they  can  do  only  by  uniting  into  like  com- 
pound molecules.  Necessarily  they  must  gravitate  towards  a 
state  of  equilibrium;  such  state  of  equilibrium— moving 
equilibrium  of  course — must  be  one  in  which  they  oscillate 
in  the  same  times  with  neighbouring  molecules ;  and  so 
to  oscillate  they  must  fall  into  groups  identical  with  tho 
groups  around  them.  If  this  be  a  general  principle  of 
tissue-growth  and  repair,  we  may  conclude  that  it  will  apply 
in  the  case  before  us.  A  wave  of  moleenlar  disturbance 
passing  along  a  tract  of  mingled  colloids  closely  allied  in  com- 
position,  and  isomerically  transforming  the  molecules  of  one 
of  them,  will  be  apt  at  the  same  time  to  form  some  new  mole- 
coles  of  the  same  type,  at  any  'place  where  there  exist  the 
proximate  components,  either  uncombined  or  feebly  combined 
in  some  not  very  different  way.  And  this  will  be  most  likely 
to  occur  where  the  molecules  of  tho  colloid  that  are  under- 
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going  the  isomeric  change,  predominate,  but  have  acattered 
through  them  the  other  molecules  out  of  which, they  may  be 
formedi  either  by  composition  or  modification.  That  is  to 
say,  a  wave  of  molecular  disturbance  diffused  from  a  centre, 
and' travelling  furthest  along  a  line  where  lie  most  molecules 
that  can  be  isomerically  transformed  with  facility,  will  be 
likely  at  the  same  time  to  further  differentiate  this  line,  and 
make  it  more  characterized  than  before  by  the  easytrans- 
formability  of  its  molecules.  One  additional  step, 

'  and  the  interpretation  is  reached.     Analogy  shows  it  to  be 
not  improbable  that  these  organic  colloids,  isomerically  trans- 
formed by  slight  molecular  impact  or  increase  of  molecular 
motion,  will  some  of  them  resume  their  previous  molecular 
structures  after  the  disturbance  has  passed.     We  know  that 
what  are  stable  molecular  arrangements  under  one  degree  of 
molecular  agitation,  are  not  stable  under  another  degree;  and 
there  is  evidence  that  rc-arrangements  of  an  inconspicuous 
kind  are  occasionally  brought  about  by  very  slight  changes 
of  molecular  agitation.      Water    supplies    a    case.      Prof. 
Grahahi  infers  that  water  undergoes  a  molecular  re-arrange- 
ment at  about  32^ — ^that  ice  has  a  colloid  form  as  well  as  a 
crystalloid  form,  dependent  on  temperature.     Send  through 
it  an  extra  wave  of  the  molecular  agitation  we  call  heat,  and 
its  molecules  aggregate  in  one  way.     Let  the  wave  die  away, 
and  its  molecules  resume  their  previous  mode  of  aggregation. 
And  obviously  such  transformations  may  bo  repeated  back- 
wards and  forwards  within  narrow  limits*  of  temperature. 
Now  among  the  extremely  unstable  organic  colloids,  such  a 
phenomenon  is  far  more  likely  to  happen.  Suppose,  then,  that 
the  nerve*colloid  is  one  of  which  the  molecules  are  changed  in 
form  by  a  passing  wave  of  extra  agitation,  but  resume  their 
previous  form  when  the  wave  has  passed  :  the  previous  form 
being  the  most  stable  under  the  conditions  which  then  recur. 
What  foUows  P    It  follows  that  these  molecules  will  be  ready 
again  to  undergo  isomerio  transformation  when  there  again 
occurs  the  stimulus ;  will,  as  before,  propagate  the  transforma- 
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whicli  fly  but  little,  have  not  dwindled  to  any  great  extent, 
has  been  thought  a  fact  at  yariance  with  the  conclusion  that 
functionally-produced  adaptations  are  inheritable.  It  has 
been  argued  that  if  parts  which  are  exercised  increase,  not 
only  in  the  individual  but  in  the  race,  while  parts  which 
become  less  active  decrease ;  then  a  notable  difference  of  size 
should  exist  between  the  muscles  used  for  flight  in  birds  that 
fly  much,  and  those  in  birds  of  an  allied  kind  that  fly  little. 
But,  as  we  here  see,  this  is  not  the  true  implication.  The 
change  in  such  cases  must  be  chiefly  in  yascularity  and  abun- 
dance of  contractile  substance ;  and  cannot  be,  to  any  great 
extent,  in  bulk.  For  a  bird  to  fly  at  all,  its  pectoral  muscles, 
bones  of  attachment,  and  all  accompanying  appliances,  must 
be  kept  up  to  a  certain  level  of  power.  If  the  parts  dwindle 
much,  the  creature  will  be  unable  to  lift  itself  from  the 
ground.  Bearing  in  mind  that  the  force  v\'hicli  a  bird  ex- 
pends to  sustain  itself  in  the  air  during  each  successive  instant 
of  a  short  flight,  is,  other  things  equal,  the  same  as  it  ex- 
pends in  each  successive  instant  of  a  long  flight,  we  shall  see 
that  the  muscles  employed  in  the  two  cases  must  have  some 
thing  like  equal  intensities  of  contractile  power ;  and  that  the 
structural  diflerences  between  them  must  have  relation  mainly 
to  the  lengths  of  time  during  which  they  can  continue  to  re- 
peat contractions  of  like  intensity.  That  is  to  say,  while  the 
power  of  flight  is  retained  at  all,  the  muscles  and  bones  can- 
not greatly  dwindle;  but  the  dwindling,  in  birds  whose  flights 
are  short  or  infrequent  or  both,  will  be  in  the  reserve  stock 
of  the  substance  that  is  incapacitated  by  action,  or  in  the 
appliances  that  keep  the  apparatus  in  repair,  or  in  both. 
Only  where,  as  in  the  struthious  birds,  the  habit  of  flight  is 
lost,  can  we  expect  atrophy  of  all  the  parts  concerned  in 
flight ;  and  here  we  find  it. 

Are  such  differentiations  among  the  muscles  functionally 
produced  P  or  are  they  produced  by  the  natural  selection  ot 
variations  distinguished  as  spontaneous  P  We  have,  I  think, 
good  grounds  for  concluding  that  they  are  functionally  pro- 
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Contractility  aa  well  as  irritability  ia  a  property  of  protoplasm 
or  Barcode ;  and,  as  before  suggested  (§  22),  is  not  improbably 
due  to  isomeric  change  in  one  of  its  component  colloids.  It 
is  a  feasible  supposition  that  of  the  several  isomerio  changes 
simultaneously  set  up  among  these  component  colloids,  some 
may  be  accompanied  by  decided  change  of  bulk  and  some  not 
Clearly  the  isomerio  change  undergone  by  the  colloid  which 
we  suppose  to  formnerve,  must  be  one  not  accompanied  by 
appreciable  change  of  bulk;  since  change  of  bulk  implies 
"internal  work/'  as  physicists  term  it,  and  therefore  ex- 
penditure of  force.  Conyersely,  the  colloid  out  of  which 
muscle  originates,  may  be  one  that  readily  passes  into  an  iso- 
Titcric  state  in  which  it  occupies  leas  space :  the  molecular 
disturbance  causing  this  contraction  being  communicated  to 
it  from  adjacent  portions  of  nerve-substance  that  are  mole- 
ciilarlv  disturbed ;  or  bcinq:  otherwise  communicated  to  it  bv 
direct  mcclianicul  or  chemical  stimuli;  as  happens  where 
nerves  do  not  exist,  or  where  their  influence  has  been  cut 
o£Pl  This  interpretation  seems,  indeed,  to  be  directly  at 
variance  with  the  fact  that  muscle  does  not  diminish  in  bulk 
during  contraction  but  merely  changes  its  shape.  That  which 
we  see  take  place  with  the  muscle  as  a  whole,  is  said  also  to 
take  place  with  each  fibre— while  it  shortens  it  also  broadens. 
There  is,  however,  a  possible  solution  of  this  difficulty.  A 
contracting  colloid  yields  up  its  water ;  and  the  contracted 
colloid  pins  the  free  water,  may  have  the  same  bulk  as  before 
though  the  colloid  has  less.  If  it  be  replied  that  in  t^is 
ca&e  the  water  should  become  visible  between  the  substance 
of  the  fibre  and  its  sarcolemma  or  sheath,  it  may  be  rejoined 
that  this  is  not  necessary — it  may  be  deposited  interstidally. 
Possibly  the  striated  structure  is  one  thafr  facilitates  iu 
exudation  and  subsequent  re-absorption ;  and  to  this  may  be 
due  the  superiority  of  striated  muscle  in  rapidity  of  contrac- 
tion. Granting  the  speculative  character  of  thie 
interpretation,  let  us  see  how  far  it  agrees  with  the  facts.  li 
the  actions  are  as  here  supposed,  the  contracted  or  more  into* 
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grated  state  of  the  muscular  colloid  will  be  tbat  which  it 
tends  continually  to  assume — that  into  which  it  has  an  in- 
creasing aptitude  to  pass  when  artificial  paralysis  haa  been 
produced,  as  shown  by  Dr.  Norris — that  into  which  it  lapses 
completely  in  rigor  mortis.  The  sensible  motion  generated 
by  the  contraction  can  arise  only  from  the  transformation 
of  insensible  motion.  This  insensible  motion  suddenly 
yielded  up  by  a  contracting  mass,  implies  the  fall  of  its  com- 
ponent molecules  into  more  stable  arrangements.  And  there 
can  be  no  such  fall  unless  the  preyious  arrangement  is  un- 
stable. From  this  point  of  view,  too,  it  is  pos- 
sible to  sec  liow  the  hvdro-carbons  and   oxv-hvdro-carlons 

m  mm 

consumed  in  muscular  action,  may  produce  their  effects.  It 
TTas  said,  when  cxposini^  The  Datauf  BioIo<^y,  that  non-uitro- 
I'enoua  substance  miq:ht  evolve  heat  onlv  when  transromietl 
in  the  circMilatinir  fluids,  **  !)ut  nartlv  lieut,  and  parilv  another 
ibrco,  when  transformed  in  some  active  tissue  that  has  ab- 
sorbed it:  just  as  coal,  though  producing  little  else  but  heat 
as  ordinarily  burnt,  has  its  heat  partially  transformed  into 
mechanical  motion  if  burnt  in  a  steam-engine  furnace " 
(S  18}  ;  and  recent  inquiries  make  it  clear  that  some  such 
relation  exists.*  Here  a  feasible  modu$  operandi  becomes 
manifest.  For  these  non-nitrogenous  elements  of  food  when 
consumed  in  the  tissues,  give  out  large  amounts  of  molecular 
motion.  They  do  this  in  presence  of  the  muscular  colloids 
that  have  lost  molecular  motion  during  their  fall  in  thestablo 
or  contracted  state.  And  from  the  molecular  motion  they 
gire  out,  may  be  restored  the  molecular  motion  lost  by 
the  contracted  colloids :  these  contracted  colloids  may 
so  have  their  molecules  raised  to  that  unstable  state  from 
which,  again  falling,  they  can  again  generate  mechanical 
motion. 

*  See  fteeoont  of  experimentt  made  bj  Profk  Fiek  and  Widiceniis,  traot- 
lated  by  ProL  WanUya  in  the  PkiL  Mag.  for  ICaj  or  Jane,  ISSS.  See 
alao  an  article  by  Prot  Franklsad  in  the  September  nnmber  of  the  aame 
joumaL 
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This  conception  of  the  nature  and  mode  of  action  of  mascle,  I 

while  it  ia  suggested  bj  known  properties  of  colloidal  matter 
and  conforms  to  the  recent  conclusions  of  organic  chemistry 
and  molecular  physics,  establishes  a  comprehensible  relation 
between  the  vital  actions  of  the  lower  and  the  higher  animals. 
If  we  contemplate  the  moyements  of  cilia,  of  a  Bhizopod's 
pseudo-podia,  of  a  Polype's  body,  or  of  tlie  long  pendant  ten- 
tacles of  a  Medusa,  we  shall  see  great  congruity  between 
them  and  this  hypothesis.  Bearing  in  mind  that  the  con- 
tractile substance  of  developed  muscle  is  affected  not  by 
nervous  influence  only,  but,  where  nervous  influence  is 
destroyed,  is  made  to  contract  by  mechanical  disturbance  and 
chemical  action,  we  may  infer  that  it  does  not  differ  intrin- 
sically from  the  primordial  contractile  substance,  which,  in 
the  lowest  animals,  changes  its  bulk  under  other  stimuli  than 
the  nervous.  We  shall  see  significance  in  the  fact  ascer- 
tained by  Dr.  Bansom,  that  various  agents  which  excite 
and  arrest  nervo-muscular  movements  in  developed  animals, 
excite  and  arrest  the  protoplasmic  movements  in  ova.  We 
shall  understand  how  tissues  not  yet  differentiated  into  muscle 
and  nerve,  have  this  joint  irritability  and  contractility ;  how 
muscle  and  nerve  may  arise  by  the  segregation  of  their 
mingled  colloids,  the  one  of  which,  not  appreciably  altering 
its  bulk  during  isomeric  change,  readily  propagates  molecular 
disturbance,  while  the  other,  contracting  when  isomericaUy 
changed,  less  readily  passes  on  the  molecular  disturbance; 
and  how  by  this  differentiation  and  integration  of  the  con- 
ducting and  the  contracting  coUoids,  the  one  ramifying 
through  the  other,  it  becomes  possible  for  a  whole  mass  to 
contract  suddenly,  instead  of  contracting  gradually,  as  it  does 
when  undifferentiated. 

The  question  remaining  to  be  asked  is — What  causes  the 
specialization  of  contractile  substance? — ^What  causes  the 
growth  of  colloid  masses  which  monopolize  this  contractility, 
and  leave  kindred  colloids  to  monopolize  other  properties  P 
Has    natural    selection    gradually   localized  and  increased 
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the  primordial  muscular  substance  P  or  has  the  frequent  recur- 
rence of  irritations  and  consequent  contractions  at  particular 
parts  done  it  P  We  have,  I  think»  reason  to  conclude  that 
direct  equilibration  rather  than  indirect  equilibration  has  been 
chiefly  operative.  The  reasoning  that  was  used  in  t!io  case 
of  nerve  applies  equally  in  the  cose  of  muscle.  A  portion  of 
undifferentiated  tissue  containing  a  predominance  of  the  colloid 
that  contracts  in  changing,  will,  during  each  changei  tend 
to  form  new  molecules  of  its  own  type  from  the  other  colloids 
diffused  through  it :  the  tendency  of  these  entangled  colloids 
to  full  into  unity  with  those  around  them,  will  be  aided  by 
every  shock  of  isomeric  transformation.  Hence,  repeated 
contractions  will  further  the  growth  of  the  contracting  mass, 
and  advance  its  differentiation  and  integration.  If, 

too,  we  remember  that  the  muscular  colloid  is  made  to 
contract  bv  mechanical  disturbance,  and  that  amoni?  me- 
chuntcal  disturbances  one  which  will  most  readilv  affect  it 
simultaneously  throughout  its  mass  is  caused  by  stretching, 
we  shall  be  considerably  helped  towards  understanding  how 
the  contractile  tissues  are  developed.  If  extension  of  a  mus- 
cular colloid  previously  at  rest,  produces  in  it  that  molecular 
disturbance  that  leads  to  isomeric  change  and  decrease  of 
bulk,  then  there  is  no  difficulty  in  explaining  the  movements 
of  cilia.  The  formation  of  a  contractile  layer  in  the  vascular 
system  becomes  comprehensible :  each  dilatation  of  a  blood- 
vessel caused  by  a  gush  of  blood,  will  be  followed  by  a  con- 
striction ;  the  heart  will  pulsate  violently  in  proportion  as 
it  is  violently  distended ;  arteries  will  develop  in  power  as 
the  stress  upon  them  becomes  greater.  And  we  shall  simi- 
larly have  an  explanation  of  the  increased  muscularity  of 
the  alimentary  canal  that  is  brought  about  by  increased 
distension  of  it. 

That  the  production  of  contractile  tissue  in  certain  localities, 
is  due  to  the  more  frequent  excitement  in  those  localities 
of  the  contractility  possessed  by  undifferentiated  tissue  in 
general,  is  a  view  harmonizing  with  facts  which  the  diffe- 
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rentiated  contractile  tissues  exhibit  These  ore  the  rela- 
tions between  muscular  exercise,  muscular  power/ and  mus- 
cular structure ;  and  it  is  the  more  needful  for  us  here  to 
notice  them  because  of  certain  anomalies  they  present, 
which,  at  first  sight,  seem  inconsistent  with  the  belief  that 
the  functionally-determined  modifications  of  muscle  are  in- 
heritable. 

Muscles  disagree  greatly  in  their  tints — ^all  gradations 
between  white  and  deep  red  being  observable.  Contrasts 
are  visible  between  the  muscles  of  different  animals,  be- 
tween the  muscles  of  the  same  animal  at  different  ages,  and 
between  different  muscles  of  the  same  animal  at  the  same 
ixge.  We  will  glance  at  the  facts  under  these  heads :  noting 
under  each  of  them  the  connexion  which  here  chiefly  con- 
cerns us — that  between  the  activity  of  muscle  and  its  depth 
of  colour.  The  cold-blooded  VerUhrata  arc,  taken 

as  a  group,  distinguished  from  the  warm-blooded  by  the 
whiteness  of  their  flesh ;  and  they  are  also  distinguished  by 
their  comparative  inertness.  Though  a  fish  or  a  reptile  can 
exert  considerable  force  for  a  short  time,  it  is  not  capable  of 
prolonged  exertion.  Birds  and  mammals  show  greater  en- 
durance along  with  darker-coloured  muscles.  If  among  birds 
themselves  or  mammals  themselves  we  make  comparisons,  we 
meet  with  kindred  contrasts — especially  between  wild  and 
domestic  creatures  of  allied  kinds.  Barn-door  fowls  are 
lighter- fleshed  than  most  untamed  gallinaceous  birds;  and 
braong  these  last  the  pheasant,  moving  about  but  little,  is 
lighter-fleshed  than  the  partridge  and  the  grouse  which  are' 
more  nomadic.  The  muscles  of  the  sheep  are  not  on^the 
average  so  dark  as  those  of  the  deer ;  and  it  is  said  that  the 
flesh  of  the  wild-boar  is  darker  than  that  of  the  pig. 
Perhaps,  however,  the  contrast  between  the  hare  and  the 
rabbit  affords,  among  familiar  animals,  the  best  example  of 
the  alleged  relation :  the  dark* fleshed  hare  having  no  retreat 
and  making  wide  excursions,  while  the  white-fleshed  rabbit, 
passing  a  great  part  of  its  time  in  its  burrow,  rarely  wanders 
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far  from  home.  The  parallel    contrast    between 

young  and  old  animals  has  a  parallel  meaning.  Yeal  is 
much  whiter  than  beef,  and  lamb  is  of  h'ghter  colour  than 
mutton.  Though  at  first  sight  these  facts  may  not  seem 
to  furnish  confirmatory  evidence,  since  lambs  in  their  play 
appear  to  expend  more  muscular  force  than  their  sedate 
dams ;  yet  the  meaning  of  the  contrast  is  really  as  alleged. 
For  in  consequence  of  the  law  that  the  strains  which  animals 
haye  to  overcome,  increase  as  the  cubes  of  the  dimensions, 
while  their  powers  of  overcoming  them  increase  only  as  the 
squares  (§  46),  the  movements  of  an  adult  animal  cost  very 
much  more  in  muscular  effort  than  do  those  of  a  young 
animal :  the  result  being  that  the  sheep  and  the  cow  exercise 
their  muscles  more  vigorously  in  their  quiet  movements,  than 
the  lamb  and  the  calf  in  their  lively  movements.  It  may  be 
added  as  significant,  that  the  domestic  animal  in  which  no 
very  marked  darkening  of  the  flesh  takes  place  along  with 
increasing  ago,  namely  the  pig,  is  one  which,  ordinarily  kept 
in  a  sty,  leads  so  quiescent  a  life  that  the  assigned  cause  of 
darkening  does  not  come  into  action.  But  perha^js 

the  most  conclusive  evidences  are  the  contrasts  that  exist 
between  the  active  and  inactive  muscles  of  the  same  animal. 
Between  the  leg-muscles  of  fowls  and  their  pectoral  muscles, 
the  difierence  of  colour  is  familiar  ;  and  we  know  that  fowls 
exercise  their  leg-muscles  much  more  than  the  muscles  which 
move  their  wings.  iSimilarly  in  the  turkey,  in  the  guinea 
fonrl,  in  the  pheasant.  And  then,  adding  much  to  the  force  of 
this  evidence,  we  see  that  in  partridges  and  grouse,  which 
belong  to  the  same  order  as  our  domestic  fowls,  but  use  their 
wings  as  habitually  as  their  legs,  little  or  no  difference  is 
visible  between  the  colours  of  these  two  groups  of  muscles. 
Special  contrasts  like  these  do  not,  however,  exhaust  the 
proofs ;  for  there  is  a  still  more  significent  general  contrast. 
The  muscle  of  the  heart,  which  is  the  most  active  of  all 
muscles,  is  the  darkest  of  all  muscles. 
The  connection  of  phenomena  thus  shown  in  so  many  ways, 
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implies  that  the  balk  of  a  muscle  is  by  no  means  the  sole 
measure  of  the  quantity  of  force  it  can  evolve.    It  would  seem 
that,  other  things  equal,  the  depth  of  colour  varies  with  the 
constancy  of  action ;  while,  other  things  equal,  the  bulk  varies 
with  the  amount  of  force  that  has  to  be  put  forth  upon  oc- 
casion.    These  of  course  are  approximate  relations.     More 
correctly  we  may  say  that  the  actions  of  pale  muscles  arc 
cither  relatively  feeble  though  frequent  (as  in  the  massive 
flanks  of  a  fish),  or  relatively  infrequent  though  strong  (as  it 
the  pectoral  muscles  of  a  common  fowl) ;  while  the  actions  o. 
dark  muscles  are  both  frequent  and  strong.     Some  such  dif- 
ferentiation may  be  anticipated  by  inference  from  the  respec- 
tive physiological  requirements.     A  muscle  which  has  upor 
occasion  to  evolve  considerable  force,  but  which  has  thereaftei 
a  long  period  of  rest  during  which  repair  may  restore  it  t< 
efficiency,    rcq^uires   neither  a  large  reserve  of  the  contrac 
tile  substance  that  is  in  some  way  deteriorated  by  action 
nor    highly-developed    appliances    for    bringing    it    nutri 
tive  materials  and  removing  effete  products.     Where,  con 
trariwise,  an    exerted  muscle    that   has    undergone   mud 
molecular  change  in  evolving  mechanical  force,  has  soon  agait 
to  evolve  much  mechanical  force,  and  so  on  continually ;  i 
is  clear  that  either  the  quantity  of  contractile  substanoi 
present  must  be  great,  or  the  apparatus  for  nutrition  an( 
depuration  must  be  very  efficient,  or  both.     Hence  we  ma^ 
look  for  marked  unlikenesses  of  minute  structure  betweei 
muscles  that  are  markedly  contrasted  in  activity.  And  we  ma^ 
suspect  that  these  conspicuous  contrasts  of  colour  betireei 
active  and  inactive  muscles,  are  due  to  these  implied  diffe 
rences  of  minute  structure — partly  differances  between  th 
numbers  of  blood-vessels  and  partly  differences  between  th 
quantities  of  sarcous  matter. 

Here,  then,  we  have  a  key  to  the  apparent  anomaly  abov 
hinted  at — the  maintenance  of  bulk  by  certain  muscles  whicl 
have  been  rendered  comparatively  inactive  by  changed  habit 
of  life.     That  the  pectoral  muscles  of  those  domestic  bird 
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which  fly  bat  little,  have  not  dwindled  to  any  great  extent, 
has  been  thought  a  fact  at  variance  with  the  conclusion  that 
functionaUy-produced  adaptations  are  inheritable.  It  has 
been  argued  that  if  parts  which  are  exercised  increase,  not 
only  in  the  individual  but  in  the  race,  whilo  parts  which 
become  less  active  decrease ;  then  a  notable  difference  of  size 
should  exist  between  the  muscles  used  for  flight  in  birds  that 
fly  much,  and  those  in  birds  of  an  allied  kind  that  fly  little. 
But,  as  we  hero  see,  this  is  not  the  true  implication.  The 
change  in  such  cases  must  be  chiefly  in  vascularity  and  abun- 
dance of  contractile  substance ;  and  cannot  be,  to  any  great 
extent,  in  bulk.  For  a  bird  to  fly  at  all,  its  pectoral  muscles, 
bones  of  attachment,  and  all  accompauyin"^  appliances,  must 
be  kept  up  to  a  certain  level  of  power.  If  the  parts  dwindle 
much,  the  creature  will  be  unable  to  lift  itself  from  the 
ground.  Bearing  in  mind  that  the  force  which  a  bird  ex- 
pends to  sustain  itself  in  the  air  during  each  successive  instant 
of  a  short  flight,  is,  other  things  equal,  the  same  as  it  ex- 
pends in  each  successive  instant  of  a  long  flight,  we  shall  see 
that  the  muscles  employed  in  the  two  cases  must  have  some 
thing  like  equal  intensities  of  contractile  power ;  and  that  the 
structural  differences  between  them  must  have  relation  mainly 
to  the  lengths  of  time  during  which  they  can  continue  to  re- 
peat contractions  of  like  intensity.  That  is  to  say,  while  the 
power  of  flight  is  retained  at  all,  the  muscles  and  bones  can- 
not greatly  dwindle;  but  the  dwindling,  in  birds  whose  flights 
are  short  or  infrequent  or  both,  will  be  in  the  reserve  stock 
of  the  substance  that  is  incapacitated  by  action,  or  in  the 
appliances  that  keep  the  apparatus  in  repair,  or  in  both. 
Only  where,  as  in  the  struthious  birds,  the  habit  of  flight  is 
lost,  can  we  expect  atrophy  of  all  the  parts  concerned  in 
flight ;  and  here  we  find  it. 

Are  such  differentiations  among  the  muscles  functionally 
produced  P  or  are  they  produced  by  the  natural  selection  ot 
variations  distinguished  as  spontaneous  P  We  have,  I  think, 
good  grounds  for  concluding  that  they  are  functionally  pro- 
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daced.    We  know  that  in  indiyidoal  men  and  animaby  the 
power  of  sustained  action  in  muscles  is  rapidly  adaptable  to 
the  amoimt  of  sustained  action  required.     We  know  that 
being  ''out  of  condition/'  is  usually  less  shown  by  the  inability 
to  pat  out  a  yiolcnt  effort  than  1^  the  inability  to  continue 
making  yiolent  efforts ;  and  we  know  that  the  result  of  train- 
ing for  prize-fights  and  races,  is  more  shown  in  the  prolonga- 
tion of  energy  than  in  the  intensification  of  energy. .  At  the 
same  timci  experience  has  taught  us  that  the  structural  change 
which  accompanies  this  functional  change,  is  not  so  much  a 
change  in  the  bulk  of  the  muscles  as  a  change  in  their  inter- 
nal state :  instead  of  being  soft  and  flabby  they  become  hard. 
We  have  inductive  proof,  then,  that  exercise  of  a  muscle  causes 
some  interstitial  growth  along  with  the  power  of  more  sus- 
tained action ;    and  there  can  be  no  doubt  that  the  one  is  a 
condition  to  the  other.      What  is  this  interstitial  growth? 
There  is  reason  to  suspect  that  it  is  in  part  an  increased 
deposit  of  the  sarcous  substance  and  in  part  a  development  of 
blood*vessels.     Microscopic  observation  tends  to  confirm  the 
conclusions  before  drawn,  that  repetition  of  contractions  fur- 
thers the  formation  of  the  matter  which  contracts,  and  that 
greater  draughts  of  blood  determine   greater   vascularity. 
And  if  the  contrasts  of  molecular  structure  and  the  contrasts 
of  vascularity,  directly  caused  in  muscles  by  contrasts  in  their 
activities,  are  to   any  degree  inheritable ;  there   results  an 
explanation  of  those  constitutional  difierences  in  the  colours 
and  textures  of   muscles,  which  accompany  constitutional 
differences  in  their  degrees  of  activity.  i 

It  may  be  added  that  if  we  are  warranted  in  so  ascribing 
the  differentiations  of  muscles  from  one  another  to  direct 
equilibration,  then  we  have  the  more  reason  for  thinking 
that  the  differentiation  of  muscles  in  general  from  other 
structures  is  also  due  to  direct  equilibration.  That  unlike- 
nesses  between  parts  of  the  contractile  Ussues  having  uzdike 
functions,  are  caused  by  the  unlikenesses  of  their  functions, 
renders  it  the  more  probable  that  the  unlikenesses  between 
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contractile  tissue  and  other  tissues,  have  been  caused  by  ana- 
logous unlikenesses. 

§  304.  These  interpretations,  which  have  already  occupied 
too  large  a  space,  must  here  be  closed.  Of  course  out  of 
phenomena  so  multitudinous  and  varied,  it  has  been  imprac- 
ticable to  deal  with  any  but  the  most  important ;  and  it  has 
been  practicable  to  deal  with  these  only  in  a  general  way. 
Much,  howeyer,  as  remains  to  be  explained,  I  think  the  possi- 
bility of  tracing,  in  so  many  cases,  the  actions  to  which  these 
internal  differentiations  may  rationally  be  ascribed,  makes  it 
likely  that  the  remaining  internal  differentiations  are  due  to 
kindred  actions.  We  find  evidence  that  in  more  cases 
than  seemed  probable,  these  actions  produce  their  effects 
directly  on  the  individual;  and  that  the  unlikenesses  are 
produced  by  accumulation  of  such  effects  from  generation  to 
generation.  While  for  ihe  remaining  unlikenesses,  we  have, 
as  an  adequate  cause,  the  indirect  effects  wrought  by  the  sur- 
vival, generation  after  generation,  of  the  individuals  in  which 
favourable  variations  have  occurred — ^variations  such  as  those 
of  which  human  anatomy  furnishes  endless  instances.  Thus 
accounting  for  so  much,  we  may  not  unreasonably  presume 
that  these  co-operative  processes  of  direct  and  indirect  equili- 
bration will  account  for  what  remains. 

Though  not  strictly  included  under  the  title  of  the  chap- 
ter, there  is  a  subject  on  which  a  few  words  may  here  be 
added,  because  of  the  elucidations  yielded  to  it  by  some 
parts  of  the  chapter.  I  refer  to  the  repair  and  growth  of  the 
differentiated  tissues.  When  treating  inductively  of  that  resto- 
ration which  takes  place  in  worn  organs,  it  was  admitted  that 
little  in  the  way  of  deductive  interpretation  is  apparent — 
nothing  beyond  the  harmony  between  the  facts  and  the 
general  principle  of  segregation  (§  64).  And  it  was  further 
admitted  that  it  is  not  obvious  why,  within  certain  limits,  an 
organ  grows  in  proportion  as  it  is  exercised.  Certain  of  the 
foregoing  considerations,  however,  help  us  towards  a  partial 
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rationale  of  these  phenomena.- 1  When  treating  of  the  de- 
velopment of  respiratory  surfaces,  external  or  internal,  at 
places  where  the  greatest  contrast  exists  between  the  oxy- 
genated plasma  outside  the  yessels  and  the  carbonized  blood 
inside  them,  reference  was  made  to  the  truth  that  the  ex- 
change of  liquids  must,  other  things  equal,  be  rapid  in  pro- 
portion as  the  contrast  between  them  is  great.  Now  this 
truth  holds  generally.  In  every  tissue  the  rate  of  osmotic 
exchange  must  vary  as  this  contrast  yaries ;  and  where  the 
contrast  is  produced  by  composition  or  decomposition  going 
forward  in  the  tissue,  the  amount  of  exchange  must  be  pro- 
portionate to  the  amount  of  composition  or  decomposition. 
If  the  blood  is  circulating  through  an  inactive  organ,  there 
is  nothing  to  disturb,  in  any  greit  degree,  the  proximate 
equilibrium  between  the  plasma  within  the  blood-vessels  and 
the  plasma  without  them.  But  if  the  tissue  is  functionally 
excited — if  it  is  made  to  yield  up  and  expend  part  of  the  force 
latent  in  its  molecules  or  the  molecules  of  the  oxy*hydro- 
carbons  permeating  it,  its  contained  liquid  necessarily  becomes 
charged  with  molecules  of  another  order — ^simpler  molecules ; 
and  the  greater  the  amount  of  function  Ihe  more  different 
is  it  made  from  the  liquid  contained  in  the  blood-vessels. 
Hence  the  osmotic  exchange  must  be  most  rapid  where  the 
metamorphosis  of  substance  is  most  rapid — the  materials  for 
consumption  and  for  re-integration  of  tissue,  must  be  supplied 
in  proportion  to  the  demand.  This,  however,  is  not  the  sole 
process  by  \rhich  waste  and  repair  are  equilibrated.  There 
is  the  osmotic  distension  above  pointed  out  as  one  of  the 
causes  of  circulation — a  force  tending  ever  to  thrust  most 
blood  to  the  places  where  there  is  the  greatest  escape  for  it ; 
that  is — the  greatest  consumption  of  it.  For  since  in  an  active 
tissue,  the  plasma  passing  out  of  its  capillaries  into  its  sub- 
stance is  continually  yielding  up  its  complex  molecules, 
either  to  be  assimilated  or  to  be  decomposed  ;  and  since  the 
products  of  decomposition,  whether  of  the  nitrogenous  tissue 
or  of   its  contained   hydro-carbons,   are  simpler  than  tho 
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sabstances  from  which  they  arise,  and  therefore  have  greater  . 
molecular  mobility ;  it  follows  that  the  liquid  contained  in 
an  active  tissue  has  a  greater  average  molecular  mobility 
than  the  liquids  elsewhere;  and  therefore  makes  its  way 
through  the  channels  of  excretion  faster  than  elsewhere  :  the 
two  chief  products,  carbonic  acid  and  water,  escaping  with 
especial  facility.  Hence  the  place  becomes  a  place  of  least  ~ 
resistance,  through  which  the  distended  walls  of  the  elastic 
vascular  system  tend  continually  to  force  out  an  extra 
quantity  of    plasma.  The  argument  carried  a 

step  further,  yields  us  an  idea  of  the  way  in  which  not  only 
repair  but  also  growth  of  the  exercised  tissue  may  be  causc<l 
— at  least,  where  this  tissue  is  one  which  evolves  force. 
Assuming  it  to  be  established  that  the  force  generated 
by  muscle  does  not  result  from  the  consumption  of  its  niiro- 
gcQous  substance,  but  from  the  consumption  of  its  contained 
hydro-carbons  and  oxy-hydro-carbons ;  and  inferring  that  a 
large  amount  of  muscular  action  may  be  performed  without 
a  corresponding  loss  of  nitrogenous  substance;  we  get  a 
clue  to  the  process  of  increase  in  a  specially-exercised 
muscle.  For  if  osmotic  exchange  and  osmotic  distension 
conspire  to  produce  a  more  rapid  passage  of  plasma  out 
of  the  capillaries  into  this  active  tissue  than  into  inactive 
tissues;  and  if,  of  the  substances  in  this  larger  supply  of 
plasma,  only  the  non-nitrogenous  are  consumed ;  then  there 
must  be  an  accumulation  of  the  nitrogenous  substances.  If 
the  waste  of  the  albuminous  components  of  the  tissue  has 
not  kept  pace  with  the  consumption  of  its  carbonaceous  con- 
tents; then  there  will  exist  in  the  liquid  permeating  it  more 
albuminous  substance  than  is  needed  for  its  repair — thero 
will  be  material^  for  its  growth.  The  growth  thus  resulting, 
however,  will  be  limited  both  by  the  capacity  of  the  channels 
of  supply  and  by  the  competing  absorption  of  other  activu 
tissues.  So  long  as  one  muscle,  or  set  of  muscles,  is 
specially  exercised,  while  the  rest  discharge  but  smuU 
amounts  of   duty — so  long,   that  is,   as  the    quantity    of 
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tissue-forming  matters  taken  from  the  alimentary  canal  info 
the  blood,  is  not  largely  draughted  off  elsewhere,  this  lociil 
growth  may  go  on.  But  if  many  other  sets  of  muscles  aro 
similarly  actiye,  the  abstraction  of  tissue- forming  matters  at 
various  places,  will  so  far  diminish  their  abundance  in  the 
blood,  as  to  reduce  the  supply  available  at  any  one  place  for 
growth :  eventually  leaving  8u£Scient  for  repair  only. 

Though  we 'lack  data  for  thus  interpreting  specifically 
the  repair  and  growth  of  other  active  tissues,  yet  we  may  see, 
in  a  general  way,  that  a  parallel  interpretation  holds.  For 
if  any  tissue  that  consumes,  transforms,  excretes,  or  secretes 
matters  that  pass  into  it  from  the  blood,  is  not  formed  of  the 
same  constituents  as  these  matters  it  transforms  or  excretes  ; 
or  if  it  docs  not  undergo  waste  proportionate  to  the  quantity 
of  matter  it  transforms  or  excretes ;  then  it  seems  fairly 
inferable  that  along  with  any  unusual  fjuantity  of  such 
matters  to  be  transformed  or  excreted,  the  plasma  passing  into 
it  must  bring  a  surplus  of  tho  materials  for  its  own  repair 
and  growth. 


CHAPTER  IX. 


PHYSIOLOGICAL    INTEGIUTION   IN    ANIMALS. 


§  305.  Physiological  dlfFerentlation  and  physiological  intc- 
gratiou,  arc  correlatives  that  vary  together.  TVe  have  hut 
to  recollect  tlio  familiar  parallel  between  the  division  of 
labour  in  a  society  and  the  physiological  division  of  la- 
bour, to  sec  that  as  fast  as  the  kinds  of  work  performed  by 
the  component  parts  of  an  organism  become  more  numerous, 
and  OS  fast  as  each  part  becomes  more  restricted  to  its  own 
work,  80  fast  must  the  parts  have  their  actions  combined  in 
such  ways  that  no  one  can  go  on  without  the  rest  and  the 
rest  cannot  go  on  without  each  one. 

Here  our  inquiry  must  be^  how  the  relationship  of 
these  two  processes  is  established — what  causes  the  inte- 
gration to  advance  /^art  pa88t$  with  the  differentiation. 
Though  it  is  manifest,  a  priori,  that  the  mutual  dependence 
of  functions  must  be  proportionate  to  the  specialization  of 
functions ;  yet  it  remains  to  find  the  mode  in  which  the  in- 
creasing co-ordination  is  determined. 

Already,  among  the  Inductions  of  Biology,  this  relation 
between  differentiation  and  integration  has  been  specified 
and  illustrated  (§  59).  Before  dealing  with  it  deductively, 
a  few  further  examples,  grouped  so  as  to  exhibit  its  several 
aspects,  will  be  advantageous. 

§  306.  If  the  lowly-organized  Planaria  has  its  body 
broken  up  and  its  gullet  detached,  this   will,  for  a  while, 
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continue  to  perform  its  function  when  colled  upon,  just 
as  though  it  were  in  its  phice :  a  fragment  of  the  creature's 
own  body  placed  in  the  gullet,  will  be  propelled  through  it, 
or  swallowed  by  it.  But,  as  the  seeming  strangeness  of  this 
fact  implies,  we  find  no  such  independent  actions  of  analogous 
parts  in  the  higher  animals.  A  piece  cut  out  of  the 

disc  of  a  ifedttsa,  continues  with  great  persistence  repeating 
those  rhythmical  contractions  which'  we  see  in  the  disc  us 
a  whole ;  and  thus  proTcs  to  us  that  the  contractile  function 
in  each  portion  of  the  disc,  is  in  great  measure  independenr. 
But  it  is  not  so  with  the  locomotiye  organs  of  more  differen- 
tiated types.  AYhen  separated  from  the  rest,  these  lose  their 
powers  of  movement.  The  only  member  of  a  yertebrate  animul 
which  continues  to  act  after  detachment,  is  the  heart ;  and 
the  heart  has  a  motor  apparatus  complete  within  itself. 

Where  there  is  this  small  dependence  of  each  part  upon 
t}ie  whole,  there  is  but  small  dependence  of  the  whole 
upon  each  part.  The  longer  time  which  it  takes  for  the 
arrest  of  a  function  to  produce  death  in  a  less  differentiated 
animal  than  in  a  more  differentiated  animal,  may  be  illus- 
trated by  the  case  of  respiration.  Suffocation  in  a  man 
speedily  causes  resistance  to  the  passage  of  the  Uood  through 
the  capillaries,  followed  by  congestion  and  stoppage  of  the 
heart :  great  disturbance  throughout  the  system  results  in  a 
few  seconds ;  and  in  a  minute  or  two  ail  the  functions  cc;t^e. 
But  in  a  frog,  with  its  undereloped  respiratory  orgna,  and  s 
skin  through  which  a  considerable  aeration  of  the  blood  i< 
carried  on,  breathing  may  be  suspended  for  a  lon;>  time 
without  injury.  Doubtless  this  di£ference  is  proximately  due 
to  the  greater  functional  activity  in  the  one  case  than  in  the 
other,  and  the  mor^  pressing  need  for  dischargiag  the  pro- 
duced carbonic  acid ;  but  the  greater  functional  activity  being 
itself  made  possible  by  the  higher  specialization  of  functions, 
this  remains  the  primary  cause  of  the  greater  dependence  of 
the  other  functions  on  respiration,  where  the  rcspirutory 
apparatus  has  become  highly  specialized.  Ilere, 
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indeedi  we  see  the  relation  under  another  aspect  This  more 
rapid  rhythm  of  the  functions  which  increased  heterogeneity 
of  structure  makes  possible,  is  itself  a  means  of  integrating 
the  functions.  Watch,  when  it  is  running  down,  a  compli- 
cated machine  of  which  the  parts  are  not  accurately  adjusted, 
or  are  so  worn  as  to  be  somev^hat  loose.  There  will  be 
observed  certain  irregularities  of  movement  just  before  it 
comes  to  rest — certain  of  the  parts  which  stop  first,  are 
again  made  to  move  a  little  by  the  continued  movement 
of  the  rest,  and  then  become  themselves,  in  turn,  the 
causes  of  renewed  motion  in  other  parts  which  have  ceased 
to  move*  That  is  to  say,  while  the  connected  rhythmical 
changes  of  the  machine  are  quick,  their  actions  and  re- 
actions on  one  another  are  regular — all  the  motions  are  well 
integrated ;  but  as  the  velocity  diminishes,  irregularities  arise 
— the  motions  become  somewhat  disintei^rated.  Similarlv 
with  organic  functions:  increase  of  their  rapiJity  involves 
increase  of  a  joint  momentum  which  controls  each  and  co- 
ordinates all.  Thus,  if  we  compare  a  Snake  with  a  Mammal, 
we  see  that  its  functions  are  not  tied  together  so  closely. 
The  Mammal,  and  especially  the  superior  Mammal,  requires 
food  with  considerable  regularity  ;  keeps  up  a  respiration 
that  varies  within  but  moderate  limits ;  and  has  periods  of 
activity  and  rest  that  alternate  evenly  and  frequently.  But 
the  Snake,  taking  food  at  long  intervals,  may  have  these 
intervals  greatly  extended  without  fatal  results ;  its  dormant 
and  its  active  states  recur  less  uniformly ;  and  its  rate  of 
respiration  varies  within  much  wider  limits — now  being 
scarcely  perceptible,  and  now,  as  you  may  prove  by  exciting 
it,  becoming  conspicuous.  So  that  here,  where  the  rhythms 
are  very  slow,  they  are  individually  less  regular,  and  are 
united  into  a  less  regular  compound  rhythm — are  less  in- 
tegrated. 

Perhaps  the  clearest  general  idea  of  the  co-ordination  of 
functions  that  accompanies  their  specialization,  is  obtained  by 
observing  the  slowness  with  which  a  little-differentiated  animal 


i. 


868  PHTSIOLOGIGAL  DEVELOPMEXT.  I 

responda  to  a  stimulus  applied  to  one  of  its  partSiand  the 
rapidity  with  wUch  such  a  local  stimulus  is  responded  to  by 
a  more-differentiated  animaL  A  Polype  and  a  Polyzoon,  two 
creatures  somewhat  similar  in  their  outward  appearances  but 
very  unlike  in  their  internal  structures,  will  serve  for  tho 
comparison.  A  tentacle  of  a  Polype,  when  touched,  slowly 
contracts ;  and  if  the  touch  has  been  rude,  the  contraction 
presently  extends  to  the  other  tentacles  and  eventually  to  tho 
entire  body :  .the  stimulus  to  movement  is  fptidually  diffused 
throughout  the  organism.  But  if  you  touch  a  tentacle  of  a 
Polyzoon,  or  slightly  disturb  the  water  near  it,  the  whole 
cluster  of  tentacles  is  instantly  withdrawn,  along  with  tho 
protruded  part  of  the  creature's  body,  into  its  sheath.  Whence 
arises  this  contrast?  The  one  creature  has  no  specialized 
contractile  organs,  or  fibres  for  conveying  impressions.  Tho 
other  has  definite  muscles  and  nerves.  Tlie  parts  of  tho 
little-differentiated  Polype  have  their  functions  so  feebly  co- 
ordinated, that  one  may  be  strongly  affected  for  a  long  time 
before  any  effect  is  felt  by  another  at  a  distance  from  it ;  but  . 
in  the  more-differentiated  Polyzoon,  various  remote  parts 
instantly  have  changes  propagated  to  them  from  the  affected 
part,  and  by  their  united  actions  thus  set  up,  the  whole 
organism  adjusts  itself  so  as  to  avoid  the  danger. 

These  few  added  illustrations  will  make  the  nature  of  this 
general  relation  sufficiently  clear.  Let  us  now  pass  to  the 
interpretation  of  it. 

§  307.  If  a  Hydra  is  cut  in  two,  the  nutritive  liquids 
diffused  through  its  substance  cannot  escape  rapidly,  since 
there  are  no  open  channels  for  them ;  and  hence  the  condi- 
tion of  the  parts  at  a  distance  from  the  cut  is  but  little 
affected.  But  where,  as  in  the  more-differentiated  animals, 
the  nutritive  liquid  is  contained  in  vessels  that  have  con- 
tinuous communications,  cutting  the  body  in  two,  or  cutting 
off  any  considerable  portion  of  it,  is  followed  by  esoope  of 
the  liquid  from  these  yessels  to  a  large  extent;    and  this 
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affects  tho  natrition  and  efficiency  of  organs  remote  from 
the  place  of  injury.  Then  where,  as  in  farther-developed 
creatures,  there  exists  an  apparatus  for  propelling  the  blood 
through  these  ramifying  channels,  injury  of  a  single  one 
will  cause  a  loss  of  blood  that  quickly  prostrates  the  entire 
organism.  Hence  the  xise  of  a  oompletely-difforentiated  vas- 
cular system,  is  the  rise  of  a  system  which  integrates  all 
members  of  the  body,  by  making  each  dependent  on  the  in- 
tegrity of  the  vascular  system,  and  therefore  on  the  inte'^rity 
of  each  member  through  which  it  ramifies.  lu 

another  mode,  too,  the  establishment  of  a  distributing 
apparatus  produces  a  physiological  union  that  is  great  in 
proportion  as  this  distributing  apparatus  is  efficient.  As 
fast  as  it  assumes  a  function  unlike  the  rest,  each  part  of  an 
animal  modifies  the  blood  in  a  way  more  or  less  unlike  the 
rest,  both  by  the  materials  it  abstracts  and  by  the  products  it 
adds ;  and  hence  the  more  differentiated  the  vascular  system 
becomes,  the  more  does  it  integrate  all  parts  by  making  each 
of  them  feel  the  qualitative  modification  of  the  blood  which 
every  other  has  produced.  This  is  simply  and  conspicuously 
exemplified  by  the  lungs.  In  the  absence  of  a  vascular 
system,  or  in  the  absence  of  one  that  is  well  marked  off 
from  the  imbedding  tissues,  the  nutritive  plasma  or  the  crude 
blood,  gets  what  small  aeration  it  can,  only  by  coming  near 
the  creature's  outer  surface,  or  those  inner  surfaces  that  are 
bathed  by  water ;  and  it  is  probably  more  by  osmotic  ex- 
change than  in  any  other  way,  that  the  oxygenated  plasma 
slowly  permeates  the  tissues.  But  where  there  have  been 
formed  definite  channels  branching  throughout  the  body; 
and  particularly  where  there  exist  specialised  organs  for 
pumping  the  blood  through  these  channels;  it  manifestly 
becomes  possible  for  the  aeration  to  be  carried  on  in  one  part 
peculiarly  modified  to  further  it,  while  all  other  parts  have 
the  seratcd  blood  brought  to  them.  And  how  greatly  the 
differentiation  of  the  vascular  system  thus  becomes  a  means 
of  integrating  the  various  organs,   is   shown  by  the  fatal 
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result  that  follows  when  the  current  of  aerated  blood  is 
intermpted. 

Here,  indeed,  it  becomes  obrioos  both  that  certain  physio-  - 
logical  differentiations  make  possible  certain  physiological 
integrations ;  and  that,  conTersely,  these  integrations  make 
possible  other  differentiations.     Besides  the  waste  prodacts 
that  escape  through  the  Inngs,  there  are  ynate  prodacts  that 
escape  through  the  skin,  the  kidneys,  the  liver.     The  blood 
has  separated  from  it  in  each  of  these  structures,  the  par- 
ticular product  which  this  structure  has  became  adapted  to 
separate ;  leaving  the  other  products  to  bo  separated  by  the 
other  adapted  structures.   How  hare  these  special  adaptations 
been  made  possible  ?    By  union  of  the  organs  as  recipients  of 
one  circulating  mass  of  blood.     While  there  is  no  efficient 
apparatus  for  transfer  of  materials  through  the   body,  tho 
waste  products  of  each  part  hare  to  make  their  escape  locally; 
and  the  local  channels  of  escape  must  be  competent  to  take 
off  indifferently  all  the  waste  products.    But  it  becomes  prac- 
ticable and  adrantageous  for  the  differently-localized  ex- 
creting structures,  to  become  fitted  to  separate  different  waste 
products,  as  isoon  as  the  common  circulation  through  them 
grows  so  efficient  that  the  product  left  unexcreted  by  one  is 
quickly  carried  to  another  better  fitted  to  excrete  it.    So  that 
the  integration  of  them  through  a  common  vascular  system, 
19  the  condition  under  which  only  they  can  become  differen- 
tiated.    How  the  specialization  of  each  is  rendered  possible 
only  by  its  connexion  with  others  that  hare  become  similarly 
specialized,  we  indirectly  see  in  such  a  fact  as  that  in  chronic  , 
jaundice  secondary  disease  of  the  kidneys  is  apt  to  arise  in 
consequence '  of  the  bilirerdine  accumulated-  in  the  system 
being  partly  excreted  through  them:  the  implication  being 
that  a  structure  peculiarly  fitted  to  excrete  urea  can  exist 
only  when  it  is  functionally  united  with  another  structure 
peculiarly  fitted  to  excrete  bilirerdine.  Perhaps  the 

clearest  idea  of  the  way  in  which  differentiation  leads  to 
integration,  and  how,  again,   increased  integration  makes 
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possible  still  further  differentiation^  will  be  obtained  hy  con- 
templating the  analogous  dependence  in  the  social  organism. 
While  it  has  no  roads,  a  country  cannot  have  its  industries 
much  specialized :  each  locality  mxAst  produce,  as  best  it  can, 
the  Tarious  commodities  it  consumes,  so  long  as  it  has  no 
facilities  for  barter  with  other  localities.  But  the  localities 
being  unlike  in  their  natural  fitnesses  for  the  various  indus- 
tries, there  tends  ever  to  arise  some  exchange  of  the  commo* 
dities  they  can  respectively  produce  with  least  labour.  This 
exchange  leads  to  the  formation  of  channels  of  communica- 
tion. The  currents  of  commodities  once  set  up,  make  their 
foot-paths  and  horse-tracks  more  permeable ;  and  as  ftidt  as 
the  resistance  to  exchange  becomes  less,  the  currents  of 
commodities  become  greater.  Each  locality  takes  more 
of  the  products  of  adjacent  ones,  and  each  locality  devotes 
itself  more  to  the  particular  industry  for  which  it  is  naturally 
best  fitted :  the  functional  integration  makes  possible  a  further 
functional  differentiation.  This  further  functional  differen- 
tiation reacts.  The  greater  demand  for  the  special  product  of 
each  locality,  excites  improvements  in  production — ^lead^  to 
the  nse  of  methods  which  both  cheapen  and  perfect  the  com- 
modity. Hence  results  a  still  more  active  exchange ;  a  still 
clearer  opening  of  the  channels  of  communication;  a  still 
closer  mutual  dependence.  Yet  another  influence  comes  into 
play.  As  fast  as  the  intercourse,  at  first  only  between  neigh- 
bouring localities,  makes  for  itself  better  roads — as  fast  as 
rivers  are* bridged  and  marshes  made  easily  passable,  the 
resistance  to  distribution  becomes  so  far  diminished,  that  the 
things  grown  or  made  in  each  district  can  be  profitably  carried 
to  a  greater  distance;  and  as  the  economical  integration  is 
thus  extended  over  a  wider  area,  the  economical  differentia- 
tion is  again  increased ;  since  each  district,  having  a  larger 
market  for  its  commodity,  is  led  to  devote  itself  more  exclu- 
sively to  producing  this  commodity.  These  actions  and  re- 
actions continue  until  the  various  localities,  becoining  greatly 
developed  and  highly  specialized  in  their  industries,  are  at 
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the  same  time  functionally  integrated  by  a  network  of  roads, 
and  finally  railways,  along  which  rapidly  circulate  the  cur- 
rents severally  sent  out  and  received  by  the  localities.  \,  And 
it  will  be  manifest  that  in  individual  organisms  a  like  oorre* 
lative  progress  must  have  been  caused  in  an  analogous  way.   ^ 

§  308.  Another  and  higher  form  of  physiological  integra- 
tion in  animals,  is  that  which  the  nervous  system  effects. 
Each  part  as  it  becomes  specialized,  begins  to  act  upon  the 
rest  not  only  indirectly  through  the  matters  it  takes  from 
and  adds  to  the  blood,  but  also  directly  through  the  molecular 
disturbances  it  sets  up  and  diffuses.  Whether  nerves  them- 
selves are  differentiated  by  the  molecidar  disturbances  thus 
propagated  in  certain  directions,  or  whether  thoy  are  other- 
wise differentiated,  it  must  equally  happen  that  as  fast  as 
they  become  channels  along  which  molecular  disturbances 
travel,  the  parts  they  connect  become  physiologically  in- 
tegrated, in  so  far  that  a  change  in  one  initiates  a  change  in 
the  other.  We  may  dimly  perceive  that  if  portions  of  what 
was  originally  a  uniform  mass  having  a  common  function, 
undertake  sub-divisions  of  the  function,  the  molecular 
changes  going  on  in  them  will  be  in  some  way  complemen- 
tary to  one  another :  that  peculiar  form  of  molecular  motion 
which  the  one  has  lost  in  becoming  specialized,  the  other  has 
gained  in  becoming  specialized.  And  if  the  molecular  motion 
that  was  common  to  the  two  portions  while  they  were  tmdiffer- 
entiated,  becomes  divided  into  two  complementary  kinds  of 
molecidar  motion ;  then  between  these  portions  there  will  be  a 
contrast  of  molecular  motions  such  that  whatever  is  plu9  in 
the  one  will  be  minus  in  the  other ;  and  h^nce  there  will  be  a 
special  tendency  towards  a  restoration  of  the  molecular  equili- 
brium between  the  two :  the  molecular  motion  continually 
propagated  away  from  either  will  have  its  line  of  least  resist- 
ance in  the  direction  of  the  other.  If>  as  argued 
in  the  last  chapter,  repeated  restorations  of  molecular  equili- 
brium, always  following  the  line  of  least  resistance,  tend  ever 
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to  make  it  a  line  of  diminisbed  resistance  ;  then,  in  propor- 
tion as  any  parts  become  more  pbysiologically  integrated  by 
the  establishment  of  this  channel  for  the  easy  transmission 
of  molecular  motion  between  them,  they  may  become  moro 
physiologically  differentiated.  The  contrast  between  their 
molecular  motions  leads  to  the  line  of  discharge ;  the  line  of 
discharge,  once  formed,  permits  a  greater  contrast  of  their 
molecular  motions  to  arise ;  thereupon  the  quantities  of 
molecular  motion  transferred  to  restore  equilibrium,  being 
increased,  the  channel  of  transfer  is  made  more  permeable ; 
and  its  further  permeability,  so  caused,  renders  possible  a  still 
more  marked  unlikeness  of  action  between  the  paiits.  Thus 
the  differentiation  and  the  integration  progress  hand  in  hand 
as  before.  How  the  same  principle  holds  through- 

out the  higher  stages  of  nervous  development,  can  be  seen 
only  still  more  vaguely.  Nevertheless,  it  is  comprehensible 
that  as  functions  become  further  divided,  there  will  arise  tlio 
need  for  sub-connexions  along  which  there  may  take  place 
secondary  equilibrations  subordinate  to  the  main  ones.  It  is 
manifest,  too,  that  whereas  the  differentiation  of  functions 
proceeds,  not  necessarily  by  division  into  two,  but  often  by 
division  into  several,  and  usually  in  such  ways  as  not  to  leavo 
any  two  functions  that  are  just  complementary  to  one  another, 
the  restorations  of  equilibrium  cannot  be  so  simple  as 
above  supposed.  And  especially  when  we  bear  in  mind  that 
many  differentiated  functions,  as  those  of  the  senses,  cannot 
be  held  complementary  to  any  other  functions  in  particular ; 
it  becomes  manifest  that  the  equilibrations  that  have  to  be 
made  in  an  organism  of  much  heterogeneity,  are  extremely 
complex,  and  do  not  take  place  between  each  organ  and  ^me 
other,  but  between  each  organ  and  all  the  others.  The  pecu- 
liarity of  the  molecular  motion  propagated  from  each  organ, 
has  to  be  neutralized  by  some  counter-peculiarity  in  the 
average  of  the  molecular  motions  with  which  it  is  brought 
into  relation.  All  the  variously-modified*  molecular  motions 
from  the  various  parts,  must  have  their  pluses  and  minuses 
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mutually  cancelled :  if  not  locally,  then  at  some  centra  to 
which  each  unbalanced  motion  trayels  until  it  meeta  with 
some  opposite  unbalanced  motion  to  destroy  it.  Still,  involyed 
as  these  actions  must  become,  it  is  possible  to  see  how  the 
general  principle  illustrated  by  the  simple  case  above  sup- 
posed, will  continue  to  hold.  For  always  the  molebular 
motion  proceeding  from  any  one  differentiated  part,  will  travel 
most  readily  towards  that  place  where  a  molecular  motion 
most  complementary  to  it  in  kind  exists — no  matter  whether 
this  complementary  molecular  motion  be  that  proceeding 
from  any  one  other  organ,  or  the  resuUant  of  the  molecular 
motions  proceeding  from  many  other  organs.  So  that  tho 
tendency  will  be  for  each  channel  of  communication  or  nerve, 
to  unite  itself  with  some  centre  or  ganglion,  where  it  comes 
into  relation  with  other  nerves.  And  if  there  be  any  parts 
of  its  peculiar  molecular  motion  uncancelled  by  the  mole- 
cular motions  it  meets  at  this  centre  ;  or  if,  as  will  pro- 
bably happen,  the  average  molecular  motion  which  it  there 
unites  to  produce,  differs  from  the  average  molecular  motion 
elsewhere  ;  then,  as  before,  there  will  arise  a  discharge  alon;;^ 
another  channel  or  nerve  to  another  centre  or  ganglion,  where 
the  residuary  difference  may  be  cancelled  by  the  differences 
it  meets ;  or  from  whence  it  may  be  still  further  propagated 
till  it  is  so  cancelled.  Thus  there  will  be  a  tendency  to  a 
general  nervous  integration  keeping  pace  with  the  differen- 
tiation. 

Of  course  this  must  be  taken  as  nothing  more  than  tho 
indication  of  initial  tendencies — ^not  as  an  hypothesis  suffi- 
cient to  account  for  all  the  facts.  It  leaves  out  of  sight  the 
origin  and  functions  of  ganglia^  considered  as  something 
X  more  than  nerve-junctions.  Were  therd  only  these  lines  of 
easy  transmission  of  molecular  disturbance,  a  change  set  op 
in  one  organ  could  never  do  more  than  produce  its  equivalent 
of  change  in  some  other  or  others ;  and  there  could  be  none 
of  that  large  amount  of  motion  initiated  by  a  small  sensation, 
which  we  habitually  see.     The  facts  show,  unmistakably,  thai 
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the  slight  distarbance  commanicated  to  a  ganglion,  causes  an 
overthrow  of  that  highly-unstable  nervous  matter  contained 
in  it,  and  a  discharge  from  it  of  the  greatly-increased  quantity 
of  molecular  motion  so  generated.  This,  however^  is  beyond 
our  immediate  topic.  All  we  have  here  to  note  is  the  inter- 
dependence and  unification  of  functions  that  naturally  follow 
the  differentiation  of  them. 

• 

§  309.  Something  might  be  added  'concerning  the 
further  class  of  integrations  by  which  organisms  are  con- 
stituted mechanically-coherent  wholes.  Carrying  further 
certain  of  the  arguments  contained  in  the  last  chapter,  it 
might  bo  not  unreasonably  inferred  that  the  binding  together 
of  parts  by  bones,  muscles,  and  ligaments,  is  a  secondary  result 
of  those  same  actions  by  which  bones,  muscles,  and  ligaments 
are  specialized.  But  adequate  treatment  of  this  division  of 
the  subject  is  at  present  scarcely  possible. 

What  little  of  fact  and  inference  has  been  above  set  down, 
will,  however,  serve  to  make  comprehensible  the  general  truths 
respecting  which,  in  their  main  outlines,  there  can  be  no 
question.  Beginning  with  the  feebly-differentiated  sponge, 
of  which  the  integration  is  also  so  feeble  that  cutting  off  a 
piece  interferes  in  no  appreciable  degree  with  the  activity 
and  growth  of  the  rest,  it  is  undeniable  that  the  advance 
is  through  stages  in  which  the  multiplication  of  unlike  parts 
having  unlike  actions,  is  accompanied  by  an  increasing  inter- 
dependence of  the  parts  and  their  actions ;  until  we  come  to 
structures  like  our  own,  in  which  a  slight  change  initiated  in 
one  part  will  instantly  and  powerfully  affect  all  other  parts — 
will  convulse  an  immense  number  of  muscles,  send  a  wave  of 
contraction  through  all  the  blood-vessels,  awaken  a  crowd  of 
ideas  with  an  accompanying  gush  of  emotions,  affect  the 
action  of  the  lungs,  of  the  stomach,  and  of  all  the  secreting 
organs.  And  while  it  is  a  manifest  necessity  that  along  with 
this  subdivision  of  functions  which  the  higher  organisms  show 
us,  there  must  be  this  close  co-ordination  of  them,  the  fore- 
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going  paragraplia  suggest  how  this  necessary  correlatioa  is 
broaght  about.  For  a  great  part  of  the  physiological  uniou 
that  accompanies  the  phyablogical  specialisatLOUy  there 
appears  to  be  a  sufficient  cause  in  the  process  of  direct  equili- 
bration ;  and  indirect  equilibration  may  be  £iirly  presumed  a 
sufficient  cause  for  that  which  remains. 


'-*^. 


-     ^ 


CHAPTER  X. 

SUMMARY  OF  PHYSIOLOGICAL  DEVELOPMENT. 

§  310.  Intercourse  beti^een  eacli  part  and  the  particular 
conditions  to  which  it  is  exposed,  cither  habitually  in  the 
individual  or  occasionally  in  the  race,  thus  appears  to  be  the 
orii^in  of  physiological  development ;  as  we  found  it  to  be  the 
origin  of  morphological  development.  The  unlikencsses  of 
form  that  arise  among  members  of  an  aggregate  that  were 
originally  alike,  we  traced  to  unlikenesses  in  the  incident  forces. 
And  in  the  foregoing  chapters  we  have  traced  to  unlikenesses 
in  the  incident  forces,  those  unlikenesses  of  minute  structure 
and  chemical  composition  that  simultaneously  arise  among 
the  parts. 

In  summing  up  the  special  truths  illustrative  of  this 
general  truth,  it  will  be  proper  here  to  contemplate  more 
especially  their  dependence  on  first  principles.  Dealing  with 
biological  phenomena  as  phenomena  of  evolution,  we  have  to 
interpret  not  only  the  increasing  morphological  heterogeneity 
of  organisms,  but  also  their  increasing  physiological  hetero- 
geneity, in  terms  of  the  re-distribution  of  matter  and  motion. 
While  we  make  our  rapid  re-survey  of  the  facts,  let  us  then 
more  particularly  observe  how  they  are  subordinate  to  the 
universal  course  of  this  re-distribution. 


§  311.  The  instability  of  the  homogeneous,  'or,  strictly 
speaking,  the  inevitable  lapse  of  the  more  homogeneous  into 
the  less  homogeneous,  which  wo  before  saw  endlessly  exem- 
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among  the  moyementSy  molecular  and  other,  of  all  parts;  then 
among  other  parts  that  are  modified,  molecolarly  or  other- 
wise, must  be  those  which  cast  off  the  germs  of  new 
organisms.  The  molecules  of  their  produced  germs  must 
tend  ever  to  conform  the  motions  of  their  components,  and 
therefore  the  arrangements  of  their  components,  to  the 
molecular  forces  of  the  organism  as  a  whole;  and  if  this 
<>Sg<^g<^te  of  molecular  forces  is  modified  in  its  distribution 
by  a  local  change  of  structure,  the  molecules  of  the  germs 
must  be  gradually  changed  in  the  motions  and  arrangements 
of  their  components,  until  they  are  re-adjusted  to  the  aggre- 
gate of  molecular  forces.  For  to  hold  tliat  the  moving  equi- 
librium of  an  organism  may  be  altered  without  altering  the 
movements  going  on  in  a  particular  part  of  it,  is  to  hold  that 
these  movements  will  not  be  affected  by  the  altered  distribu- 
tion of  forces  ;  and  to  hold  this  is  to  deny  the  persi^ionce  of 
force. 
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of  exterior  and  interior.  If  we  turn  to  aduU  or* 

ganismsi  vegetal  or  onimaly  we  see  that  whether  they  do  or 
do  not  display  other  contiasts  of  parts,  they  always  display 
this  contrast.  Though  otherwise  almost  homogencoud,  such 
Fungi  as  the  Puff-ball,  or,  among  Aiga,  all  which  have  a 
thallus  of  any  thickness,  present  marked  differences  between 
those  of  their  cells  which  are  in  immediate  contact  with  the 
environment  and  those  which  are  not.  Such  differences  they 
present  in  common  with  every  higher  plant ;  which, 
here  in  the  shape  of  bark  and  there  in  the  shape  of 
cuticle,  has  an  envelope  inclosing  it  even  up  to  its  petals  : 
the  only  parts  not  so  inclosed,  being  those  short-lived 
terminations  of  the  fructifying  organs,  from  which  the  dis- 
integrated tissue  is  being  cast  off  to  form  the  germs  of  new 
individuals.  In  like  manner  among  animals,  there  is  always 
either  a  true  skin  or  an  outer  coat  analogous  to  one.  Wher- 
ever aggregates  of  the  first  order  have  united  into  ag- 
gregates of  the  second  and  third  orders — wherever  they 
have  become  the  morphological  units  of  such  higher  aggre- 
gates— the  outermost  of  them  have  grown  unlike  those  lying 
within.  Even  thB  Sponge  is  not  without  a  layer  that  may 
by  analogy  be  called  dermal. 

This  lapse  of  the  relatively  homogeneous  into  the  rela- 
tively heterogeneous,  first  showing  itself,  as  on  the  hypothesis 
of  evolution  it  must  do,  by  the  rise  of  an  unlikeness  between 
outside  and  inside,  goes  on  next  to  show  itself,  as  we  infer 
that  it  must  do,  by  the  establishment  of  secondary  contrasts 
aniong  the  outer  parts  answering  to  secondary  contrasts 
among  the  forces  falling  on  .them.  So  long  as  the  whole  sur- 
face of  a  plant  remains  similarly  related  to  the  environment, 
as  in  a  Proioeoecus  or  a  Vokax,  it  remains  uniform  ;  but  when 
there  come  to  be  an  attached  surface  and  a  free  surface, 
these,  being  subject  to  unlike  actions,  are  rendered  unlike. 
This  is  visible  even  in  a  unicellular  A/ga  when'  it  becomes 
fixed ;  it  is  shown  in  the  distinction  between  the  under 
and  upper  parts   of    ordinary    Fungi;    and   we  see   it   in 
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the  universal  difFerence  between  the  imbedded  ends  and  the 
exposed  ends  of  the  higher  plants.  And  then  among  the 
less  marked  contrasts  of  surface  answering  to  the  less  marked 
contrasts  in  the  incident  forces,  come  those  between  the 
upper  and  under  sides  of  leaves ;  which,  as  we  have  seen, 
vary  in  degree  as  the  contrasts  of  forces  vary  in  degree,  and 
disappear  where  these  contrasts  disappear.  Equally 

clear  proof  is  furnished  by  animals,  that  the  original  mi* 
formity  of  surface  lapses  into  multiformity,  in  proportion  as 
the  actions  of  the  environment  upon  the  surface  become 
multiform.  In  a  Worm,  burrowing  through  damp  soil  that 
acts  equally  on  all  its  sides,  or  in  a  Tasnia^  uniformly  bathed 
by  the  contents  of  the  intestine  it  inhabits,  the  parts  of  tho 
integument  do  not  appreciably  differ  from  one  another ;  but 
in  creatures  not  surrounded  by  the  same  agencies,  as  those 
that  crawl  and  those  that  have  their  bodies  partially  inclosed, 
there  are  unlikenesses  of  integument  corresponding  to  unlike* 
nesses  of  the  conditions.  A  Snail's  foot  has  an  under 
surface  not  uniform  with  the  exposed  surface  of  its  body,  and 
this  again  is  not  uniform  with  the  protected  surface.  Among 
articulate  animals  there  is  usually  a  distinction  between  the 
ventral  and  tEe  dorsal  aspects ;  and  in  those  of  ^^Artienlaia 
which  subject  their  anterior  and  posterior  ends  to  different 
environing  agencies,  as  do  the  Ant-lion  and  the  Hermit-crab, 
these  become  superficially  differentiated.  Ana* 

logons  general  contrasts  occur  among  the  Veriebraia,  Fish, 
though  their  outsides  are  uniformly  bathed  by  water,  have 
their  backs  more  exposed  to  light  than  their  bellies ;  and  the 
two  are  commonly  distinct  in  colour.^  Where  it  is  not  the 
bsick  and  belly  that  are  thus  dissimilarly  conditioned,  but  the 
sides,  as  in  the  Pkuroneetida,  then  it  is  the  sides  that  be- 
come contrasted  ;  and  there  may  be  significance  in  the  fact, 
that  those  abnormal  individuals  of  this  order  which  revert  to 
the  ancestral  undistorted  type,  and  swim  vertically,  have  the 
two  sides  alike.  In  such  higher  vertebrates  as  Reptiles,  we 
SCO  repeated  this  differentiation  of  the  upper  and  under  su2^- 
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faces :  especially  in  those  of  them  which,  like  Snakes*  ex- 
pose these  surfaces  to  the  most  diyerse  actions.  Even  in 
Birds  and  Mammals  which  usually,  by  raising  the  under 
surface  considerably  above  the  ground,  greatly  diminish  the 
contrast  between  its  conditions  and  the  conditions  to  which 
the  upper  surface  is  subject,  there  still  remains  some  unlike- 
ness  of  clothing  answering  to  the  remaining  unlikeness  be- 
tween the  conditions.  Thus,  without  by  any 
means  saying  that  all  such  differentiations  are  directly 
caused  by  differences  in  the  actions  of  incident  forces,  which, 
us  before  shown  (§  294),  they  cannot  be,  it  is  clear  that 
many  of  them  are  so  caused.  It  is  clear  that  parts  of  the 
surface  exposed  to  very  unlike  environing  agencies,  become 
very  unlike ;  and  this  is  all  that  needs  be  shown. 

Complex  as  are  the  transformations  of  the  inner  parts  of 
organiamb  from  the  relatively  homogeneous  into  the  rela- 
tively heterogeneous,  we  still  see  among  them  a  conformity 
to  the  same  general  order.  In  both  plants  and  animals  the 
earlier  internal  differentiations  answer  to  the  stronger  con- 
trasts of  conditions.  Plants,  absorbing  all  their 
nutriment  through  their  outer  surfaces,  are  internally  modi- 
fied mainly  by  the  transfer  of  materials  and  by  mechanical 
stress.  Su^jof  them  as  do  not  raise  their  fronds  above  the 
surface,  have  their  inner  tissues  subject  to  no  marked  con- 
trasts save  those  caused  by  currents  of  sap ;  and  the  lines  of 
lengthened  and  otherwise  changed  cells  that  are  formed 
where  these  currents  run,  and  are  most  conspicuous  where 
these  currents  must  obviously  be  the  strongest,  are  the  only 
decided  differentiations  of  the  •  interior.  But  where,  as  in 
the  higher  Cryptogams  and  in  Phsenogams,  the  leaves  are 
upheld,  and  the  supporting  stem  is  transversely  bent  by 
the  wind,  the  inner  tissues,  subject  to  different  amounts  of 
mechanical  strain,  differentiate  accordingly :  the  deposit  of 
dense  substance  commences  in  that  region  where  the  sap- 
containing  cells  and  canals  suffer  the  greatest  intermittent 
compressions.                     Animols,  or  ot  least  such  of  them 
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as  take  food  into  their  interiors,  are  subject  to  forces' of 
another  doss  tending  to  destroy  their  original  homogeneitj. 
Food. is  a  foreign  substance  which  acts  on  the  interior  as  an 
environing  object  which  touches  it  acts  on  the  exterior — is 
literally  a  portion  of  the  environment^   which,  when  swal* 
lowed,  becomes  a  cause  of  internal  differentiations  as  the  rest 
of  the  environment  continues  a  cause  of  external  differentia- 
tions.    How  essentially  parallel  are  the  two  sets  of  actions 
and  reactions,  we  have  seen  implied  by  the  primordial  identity 
of  the  endoderm  and  ectoderm  in  simple  animals,  and  of  the 
skin  and  mucous  membrane  in  complex  animak  (§§  288,289). 
Here  we  have  further  to  observe  that  as  food  is  the  original 
source  of  internal  differentiations,  these  may  be  expected  to 
show  themselves  first  where  the  influence  of  the  food  is 
greatest ;  and  to  appear  later  in  proportion  as  the  parts  are 
more  removed  from  the  influence  of  the  food.     Thev  do  this. 
In  animals  of  low  type,  the  coats  of  the  alimentary  cavity  or 
canal,  are  more  differentiated  than  the  tissue  that  lies  between 
the  alimentary  canal  and  the  wall  of  the  body.    This  tiasae 
in  the  higher  Calenierata^  is  a  feebly-organized  parenchyma 
traversed  by  lacunae— either  simple  channels,  or  canals  lined 
with  simple  ciliated  ceUs;  and  in  the  lower  MoUuiea  the 
structures  bounding  the  perivisceral  cavity  and  its  ramifying 
sinuses,  are  similarly  imperfect     Further,  it  is  observabk 
that  the  differentiation  of  this  perivisceral  sac  and  its  sinuses 
into  a   vascular    system,   proceeds    centrifugally  from  the 
region  where  the  absorbed  nutriment  enters  the  mass  of  cir- 
culating liquid,  and  where  this  liquid  is  qualitatively  mon . 
unlike  the  tissues  than  it  is  i^t  the  remoter  parts  of  the  body, 
Physiological  development,  then,  is  initiated  by  that  insta? 
bility  of  the  homogeneous  which  we  have  seen  to  be  every* 
where  a  cause  of  evolution  {First  Prinetples^  §§  1 09 — 1 15).  Tha 
the  passage  from  comparative  uniformity  of  composition  anc 
minute  structure  to  comparative  multiformity,  is  set  up  ii 
organic  aggregates,  as  in  all  other  aggregates,  by  the  necee 
•ary  unlikenesses  of  the  actions  to  which  the  parts  are  sub 
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processes  haye  for  their  limit  a  state  of  equilibriam —proxi- 
mately a  moving  eqtulibrlum  and  ultimately  a  complete  equili- 
brium. The  changes  we  have  contemplated  are  but  the  con* 
comitants  of  a  progressing  equilibration.  In  every  aggregate 
which  we  call  living,  as  well  as  in  all  other  aggregates,  the 
instability  of  the  homogeneous  is  but  another  name  for  the 
absence  of  balance  between  the  incident  forces  and  the  forces 
which  the  aggregate  opposes  to  them ;  and  the  passage  into 
heterogeneity  is  the  passage  towards  a  state  of  balance.  And 
to  say  that  in  every  aggregate,  organic  or  other,  there  goes 
on  a  multiplication  of  effects,  is  but  to  say  that  one  part  which 
has  a  fresh  force  impressed  on  it,  must  go  on  changing  and 
communicating  secondary  changes,  until  the  whole  of  tho 
impressed  force  has  been  used  up  in  generating  equivalent 
reactive  forces. 

The  principle  that  whatever  new  action  an  organism  is 
subject  to,  must  either  overthrow  the  moving  equilibrium  of 
its  functions  and  cause  the  sudden  equilibration  called  death, 
or  else  must  progressively  alter  the  organic  rhythms  until, 
by  the  establishment  of  a  new  reaction  balancing  the  new 
action,  a  new  moving  .equilibrium  is  produced,  applies  as 
much  to  each  member  of  an  organism  as  to  the  organism  in 
its  totality.  Any  force  falling  on  any  part  not  adapted  to 
bear  it,  must  either  cause  local  destruction  of  tissue,  or  must, 
without  destroying  the  tissue,  continue  to  change  it  until  it 
can  change  it  no  further ;  that  ia — until  the  modified  reaction 
of  the  part  has  become  equal  to  the  modified  action.  What- 
ever the  nature  of  the  force,  this  must  happen.  If  it  is  a 
mechanical  force,  then  the  immediate  effect  is  some  distoi-tidn 
of  the  part — ^a  distortion  having  for  its  limit  that  attitudo 
in  which  the  resistance  of  the  structures  to  further  change  of 
position,  balances  the  force  tending  to  produce  the  further 
change ;  and  the  ultimate  effect,  supposing  the  force  to  be  con- 
tinuous or  recurrent,  is  such  a  permanent  alteration  of  form, 
or  alteration  of  structure,  or  both,  as  establishes  a  permanent 
balance.    If  the  force  is  physico-chdmical,  or  chemical,  the 
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cause  of  physiological  differentiations,  not  only  in  its  neigh- 
bonrs  from  which  it  ahstracts  sap  and  presently  turns  from 
leaf-hearers  into  fruit-hearcrs,  but  also  in  the  remoter  parts. 
':    That  among   animals    physiological  development  is  fur- 
thered by  the  multiplication  of  effects,  we  have  lately  seen 
>  proved  by  the  many  changes  in  other   organs,  which  the 
growth  or  modification    of  each  excreting  and   secreting 
organ  initiates.    By  the  abstracted  as  well  as  by  the  added 
materials,  it  alters  the  quality  of  the  blood  passing  through 
all  members  of  the  body ;  or  by  the  liquid  it  pours  into  the 
alimentary  canal,  it  acts  on  the  food,  and  through  it  on  the 
blood,  and  through  it  on  the  system  as  a  whole :  an  addi- 
tional differentiation  in  one  part  thus  setting  up  additiona' 
differentiations  in  many  other  parts;  from  each  of  which 
again,   secondary  differentiating  fovces  reverberate  througl 
the  organism.     Or,  to  take  an  influence  of  another  order,  w 
have  seen  how  the  modified  mechanical  action  of  anv  membe 
not  only  modifies  that  member,  but  becomes,  by  its  reaction.* 
a  cause  of  secondary  modifications — ^how,  for  example,  th 
burrowing  habits  of  the  common  Mole,  leading  to  an  almof 
exclusive  use  of  the  fore  limbs,  have  entailed  a  dwindlin 
of  the  hind   limbs,   and   a  concomitant  dwindling  of  tl 
pelvis,  which,  becoming  too  small   for  the  passage  of  tl 
yonng,  has  initiated  still  more  anomalous  modifications. 

So    that    throughout   physiological   development,    as 
evolution  at  large,  the  multiplication  of  effects   has   be 
a  factor  constantly  at  \i^ork,    and  working  more   active 
as  the  development  has  advanced.    The  secondary  chan^ 
wrought  by  each  primary  change,  have  necessarily  becoi 
more  numerous  in  proportion  as  organisms    have  beco' 
more  complex.    And  every  increased  multiplication  oif  effec 
further  differentiating  the  organism  and,  by  consequen 
further  integrating  it,  has  prepared  the  way  for  still  hig* 
differentiations  and  integrations  similarly  caused. 

§  313.  The  general*truth  next  to  be  resumed,  is  that  tl 
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processes  haye  for  their  limit  a  state  of  equilibriam  — proxi- 
matelj  a  moving  equilibrium  and  ultimately  a  complete  equili- 
brium. The  changes  we  have  contemplated  are  but  the  con- 
comitants of  a  progressing  equilibration.  In  every  aggregate 
which  we  call  living,  as  well  as  in  all  other  aggregates,  the 
instability  of  the  homogeneous  is  but  another  name  for  the 
absence  of  balance  between  the  incident  forces  and  the  forces 
which  the  aggregate  opposes  to  them ;  and  the  passage  into 
heterogeneity  is  the  passage  towards  a  state  of  balance.  And 
to  say  that  in  every  aggregate,  organic  or  other,  there  goe^ 
on  a  multiplication  of  effects,  is  but  to  say  that  one  part  which 
has  a  fresh  force  impressed  on  it,  must  go  on  changing  and 
communicating  secondary  changes,  until  the  whole  of  tho 
impressed  force  has  been  used  up  in  generating  equivalent 
reactive  forces. 

The  principle  that  whatever  new  action  an  organism  is 
subject  to,  must  either  overthrow  the  moving  equilibrium  of 
its  functions  and  cause  the  sudden  equilibration  called  death, 
or  else  must  progressively  alter  the  organic  rhythms  until, 
by  the  establishment  of  a  new  reaction  balancing  the  new 
action,  a  new  moving  .equilibrium  is  produced,  applies  as 
much  to  each  member  of  an  organism  as  to  the  organism  in 
its  totality.  Any  force  falling  on  any  part  not  adapt  cd  to 
bear  it,  must  either  cause  local  destruction  of  tissue,  or  must, 
without  destroying  the  tissue,  continue  to  change  it  until  it 
can  change  it  no  further ;  that  is — until  the  modified  reaction 
of  the  part  has  become  equal  to  the  modified  action.  What- 
ever the  nature  of  the  force,  this  must  happen.  If  it  is  li 
mechanical  force,  then  the  immediate  effect  is  some  distortion 
of  the  part — a  distortion  having  for  its  limit  that  attitudo 
in  which  the  resistance  of  the  structures  to  further  change  of 
position,  balances  the  force  tending  to  produce  the  further 
change ;  and  the  ultimate  effect,  supposing  the  force  to  be  con- 
tinuous or  recurrent,  is  such  a  permanent  alteration  of  form, 
or  alteration  of  structure,  or  both,  as  establishes  a  permanent 
balance.    If  the  force  is  physico-chemical,  or  chemical,  the 
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general  result  is  still  the  same :  the  component  molecules  of 
the  tissue  must  have  their  molecular  arrangements  changed, 
and  the  change  in  their  molecular  arrangements  must  go  on 
until  their  molecular  motions  are  so  re-adjusted  as  to.  equili- 
brute  the  molecular  motions  of  the  new  physico-chemical  or 
chemical  agent.  In  other  words,  the  organic  matter  com- 
posing tho  party  if  it  continues  to  be  organic  nmtter  at  all, 
must  assume  that  molecular  composition  which  enables  it  to 
bear,  or  as  we  say  adapts  it  to,  the  incident  forces. 

Nor  is  it  less  certain  that  throughout  the  organism  as  a 
whole,  equilibration  is  alike  the  proximate  limit  of  the  changes 
wrought  by  each  action,  as  well  as  tho  ultimate  limit  of  the 
chan<^es  wrought  by  any  recurrent  actions  or  continuous 
action.  The  ordinary  movements  every  instant  going  on,  are 
movements  towards  a  new  state  of  equilibrium.  Raising  a 
limb  causes  a  simultaneous  shiitlng  of  the  centre  of  gravity, 
and  such  altered  tensions  and  pressures  throughout  the  body 
as  re-adjust  the  disturbed  balance.  Passage  of  liquid  into  or 
out  of  a  tissue,  implies  some  excess  of  force  in  one  direction 
there  at  work  ;  and  ceases  only  when  the  force  so  diminishes  or 
the  counter-forces  so  increase  that  the  excess  disappears.  A 
nervous  discharge  is  reflected  and  re-reflected  from  part  to 
part,  until  it  has  all  been  used  up  in  the  re-arrangements  pro- 
duced—-equilibrated  by  the  reactions  called  out.  And  what 
is  thus  obviously  true  of  every  normal  change,  is  equally  true 
of  every  abnormal  change — every  disturbance  of  the  estab- 
lished rhythm  of  the  functions.^  If  such  disturbance  is  a 
single  one,  the  perturbations  set  up  by  it,  reverberating 
throughout  the  system,  leave  its  moving  equilibrium  slightly 
altered.  If  the  disturbance  is  repeated  or  persistent,  its  suc- 
cessive efiects  accumulate  until  they  hare  produced  a  new 
moving  equilibrium  adjusted  to  the  new  force. 

Each  re-balancing  of  actions,  having  for  its  necessary  con- 
comitant a  modification  of  tissues,  it  is  an  obvious  corollary 
that  organisms  subjected  to  successive  changes  of  conditions, 
must  undergo  successive  differentiations  and  rc-diScrcntia- 
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tions.  Direct  equilibiutiou  in  organisms,  with  all  its  accom- 
panying structural  alterations,  is  as  certain  as  is  that  uni- 
versal progress  towards  equilibrium  of  which  it  forms  part. 
And  just  OS  certain  is  that  indirect  equilibration  in  organisms 
to  which  the  remaining  large  class  of  differentiations  is  due. 
The  development  of  favourable  variations  by  the  killing  of 
individuals  in  which  they  do  not  occur  or  are  least  marked, 
is,  as  before,  a  balancing  between  certain  local  structures  and 
the  forces  they  are  exposed  to ;  and  is  no  less  inevitable  than 
the  other. 

§  314.  In  all  which  universal  laws,  we  find  ourselves  again 
brought  down  to  the  persistence  of  force,  as  the  deepest 
knowable  cause  of  those  modifications  which  constitute 
physiological  development;  as  it  is  the  deepest  knowable 
cause  of  all  other  evolution.  Here,  as  elsewhere,  the  per- 
petual lapse  from  less  to  greater  heterogeneity,  the  perpetual 
begetting  of  secondary  modifications  by  each  primary  modi- 
fication, and  the  perpetual  approach  to  a  temporary  balance 
on  the  way  towards  a  final  balance,  are  necessary  implica- 
tions of  the  ultimate  fact  that  force  cannot  disappear,  but 
can  only  change  its  form. 

It  is  an  unquestionable  deduction  from  the  persistence  of 
force,  that  in  every  individual  organism  each  new  incident 
force  must  work  its  equivalent  of  change  ;  and  that  where  it 
is  a  constant  or  recurrent  force,  the  limit  of  the  change  it 
works  must  be  an  adaptation  of  structure  such  as  opposes  to 
the  new  outer  force  an  equal  inner  force*.  The  only  thing 
open  to  questioD  Is,  whether  such  re-adjustment  is  inherit- 
able ;  and  further  consideration  will,  I  think,  show,  that  to 
say  it  is  not  inheritable  is  indirectly  to  say  that  force  does 
not  persist.  If  all  parts  of  an  organism  have  their  func- 
tions CO  ordinated  into  a  moving  equilibrium,  such  that  every 
part  perpetually  influences  all  other  parts,  and  cannot  be 
changed  without  initiating  changes  in  all  other  parts — ^if  the 
limit  of  change  is  the  establishment  of  a  complete  harmony 
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among  the  movements^  molecular  and  other,  of  all  parts;  then 
among  other  parts  that  are  modified,  molecularly  or  other- 
wise, most  be  those  which  cast  off  the  germs  of  new 
organisms.  The  molecules  of  their  produced  germs  must 
tend  ever  to  conform  the  motions  of  their  components,  and 
therefore  the  arrangements  of  their  components,  to  the 
molecular  forces  of  the  organism  as  a  whole;  and  if  thb 
^Sgrog^te  of  molecular  forces  is  modified  in  its  distribution 
by  a  local  change  of  structure,  the  molecules  of  the  germs 
must  be  gradually  changed  in  the  motions  and  arrangements 
of  their  components,  until  they  are  rc-adjusted  to  the  aggre- 
gate  of  molecular  forces.  For  to  hold  tlmt  the  moving  equi- 
librium of  an  organism  may  be  altered  without  altering  the 
movements  going  on  in  a  particular  part  of  it,  is  to  liold  that 
these  movements  will  not  be  affected  by  the  altered  distribu- 
lion  of  forces  ;  and  to  hold  this  is  to  deny  the  persistence  of 
force. 
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§  315.  If  organisms  have  been  evolyedy  their  respective 
powers  of  multiplication  must  have  been  determined  by 
natural  causes.  Grant  that  the  countless  specialities  of 
structure  and  function  in  plants  and  animals,  have  arisen 
from  the  actions  and  reactions  between  them  and  their 
environments!  continued  from  generation  to  generation ;  and 
it  follows  that  from  these  actions  and  reactions  have  also 
arisen  those  countless  degrees  of  fertility  which  wo  seo 
among  them.  As  in  all  other  respects  an  adaptation  of  each 
species  to  its  conditions  of  existence  is  directly  or  indirectly 
brought  about;  so  must  there  be  directly  or  indirectly 
brought  about  an  adaptation  of  its  reproductive  activity  to 
its  conditions  of  existence. 

We  may  expect  to  find,  too,  that  permanent  and  temporary 
differences  of  fertility  have  the  same  general  interpretation. 
If  the  small  variations  of  structure  and  function  that  arise 
within  the  limits  of  each  species,  are  due  to  actions  like  those 

*  An  ontline  of  the  doctrine  set  forth  in  the  following  chaptersy  was 
originally  pnUisbed  in  the  We$tmin8Ur.  Review  for  April,  -1862,  under  the 
title  of,  A  Theory  pf  PapulaHon  dednutd  frfnn  the  Oemtrol  Lam  ef  AnAmal 
FertUUff;  and  was  shortlj  afterwards  republished  with  a  prefatory  note,  to 
the  effect  that  it  must  be  accepted  as  a  sketch  which  I  hoped  at  some  future 
time  to  elaborate.  In  now  revising  and  completing  it,  I  have  omitted  a  non- 
essential part  of  the  argument^  while  I  have  expanded  the  remainder  by 
adding  to  the  number  of  facta  put  in  eridence^  by  meeting  objections  which 
want  of  space  before  obliged  me  to  pass  oveiv  and  by  drawing  various 
secondary  conclusions. 
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whicby  by  their  long-accumulating  effectsi  have  produced  the 
immense  contrasts  between  the  yarious  types ;  we  may  con- 
clude that,  similarlyi  the  actions  to  which  changes  in  the 
rate  of  multiplication  of  each  species  are  due,  also  produce, 
in  great  periods  of  time,  the  enormous  differences  between 
the  rates  of  multiplication  of  different  species. 

Before  inquiring  in  what  ways  the  rapidities  of  increase  are 
adjusted  to  the  requirements,  both  temporary  and  permanent, 
it  will  be  needful  to  look  at  the  factors.  Let  us  set  down 
first  those  which  belong  to  the  environment,  and  then  those 
which  belong  to  the  organism. 

§  316.  Every  living  aggregate  being  one  of  which  the 
inner  actions  are  adjusted  to  balance  outer  actions,  it  follows 
that  the  maintenance  of  its  moving  equilibrium  depends  on 
its  exposure  to  the  right  amounts  of  these  actions.  Its 
moving  equilibrium  may  be  overturned  if  one  of  these  actions 
is  either  too  great  or  too  small  in  amount ;  and  it  may  be  so 
overturned  either  by  excess  or  defect  of  some  inorganic 
agency  in  its  environment,  or  by  excess  or  defect  of  some 
organic  agency. 

Thus  a  plant,  constitutionally  fitted  to  a  certain  warmth 
and  humidity,  is  killed  by  extremes  of  temperature,  as  well 
as  by  extremes  of  drought  and  moisture.  It  may  dwindle 
away  from  want  of  soil,  or  die  from  the  presence  of  too  great 
or  too  small  a  quantity  of  some  mineral  substance  which  tho 
soil  supplies  to  it.  In  like  manner,  every  animal  can  main* 
tain  the  balance  of  its  functions  so  long  only  as  the  environ* 
ment  adds  to*  or  deducts  from  its  heat  at  rates  not  exceeding 
definite  limits.  Water,  too,  must  b^  accessible  in  amount 
sufficient  to  compensate  its  loss :  if  the  parched  air  is  rapidly 
abstracting  its  liquid  which  there  is  no  pool  or  river  to 
restore,  its  functions  cease ;  and  if  it  is  an  aquatic  creature, 
drought  may  kill  it  either  by  drying  up  its  medium  or  by 
giving  it  a  medium  inadequately  aerated.  Thus  each  organ- 
ism,  adjusted  to  a  certain  average  in   the   actions  of  its 
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inorganio  environment,  or  rather,  we  should  say,  adjusted  to 
certain  moderate  deviations  from  this  average,  is  destroyed 
by  extreme  deviations.  So,  too,   is  it  with  the 

environing  organio  agencies.  Among  plants,  only  the  para* 
sitio  kinds  depend  for  their  individual  preservation  on  the 
presence  of  certain  other  organisms  (though  the  presence  of 
certain  other  organisms  is  needful  to  most  plants  for  the 
preservation  of  the  race  by  aiding  fertilization).  Here,  for 
the  continuance  of  individual  life,  particular  organisms  must 
be  absent  or  not  very  numerous^beasts  that  browse,  cater- 
pillars  that  devour  leaves,  aphides  that  suck  juices.  Among 
animals,  however,  the  maintenance  of  the  functional  balance 
is  both  positively  and  negatively  dependent  on  the  amounts 
of  surrounding  organio  agents.  There  must  be  an  accessible 
sufficiency  of  the  plants  or  animals  serving  for  food  ;  and  of 
organisms  that  are  predatory  or  parasitic  or  otherwise  detri- 
mentaiy  the  number  must  not  pass  a  certain  limit. 

This  dependence  of  the  moving  equilibrium  in  every  indi- 
vidual organism  on  an  adjustment  of  its  forces  to  the  forces 
of  the  environment,  and  the  overthrow  of  this  equilibrium 
by  failure  of  the  adjustment,  is  comprehensive  of  all  cases. 
At  first  sight  it  does  not  seem  to  include  what  we  call  natural 
death ;  but  only  death  by  violence,  or  starvation,  or  cold,  or 
drought.  But  in  reality  natural  death,  no  less  than  every 
other  kind  of  death,  is  caused  by  the  failure  to  meet  some 
outer  action  by  a  proportionate  inner  action*  The  apparent 
difference  is  due  to  the  fact  thsit  in  old  age,  when  the 
quantity  of  force  evolved  in  the  organism  gradually  dimi- 
nishes, the  momentum  of  the  functions  becomes  step  by  step 
less,  and  the  variations  of  the  external  forces  relatively 
greater;  until  there  finally  :comes  an  occasion  when  some 
quite  moderate  deviation  from  the  average  to  which  the 
feeble  moving  equilibrium  is  adjusted,  produces  in  it  a  fatal 
perturbation. 

§  317.  The  individuals  of  every  species  being  thus  depend- 
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ent  on  certain  environing  actions  ;  and  sererally  liaTing  tlieir 
moving  equilibria  sooner  or  later  overthrown  by  one  or  other 
of  these  environing  actions;  we  hare  next  to  consider  in 
what  ways  the  environing  actions  are  so  met  as  to  prevent 
extinction  of  the  species.  There  are  two  essentially  difierent 
ways.  There  may  be  in  each  individaal  a  small  or  great 
ability  to  adjust  itself  to  yariations  of  the  agencies  onmnd 
it  and  to  a  small  or  great  number  of  such  varying  agencies 
— there  may  be  little  or  much  jMwer  of  preserving  the 
balance  of  the  functions.  And  there  may  be  much  or  little 
power  of  producing  new  individuals  to  replace  those  whose 
moving  equilibria  have  been  overthrown.  A  few  facts  must 
be  set  down  to  enforce  these  abstract  statements. 

There  are  both  active  and  passive  adaptations  by  which 
organisms  are  enabled  to  survive  adverse  influences.  Plants 
show  us  but  few  active  adaptations :  that  of  the  Pitcher-plant 
and  those  of  the  reproductive  parts  of  some  flowers  (which  do 
not,  however,  conduce  to  self-preservation)  are  exceptional 
instances.  Snt  plants  have  various  passive  adaptations ;  as 
thorns,  stinging  hairs,  poisonous  and  acrid  juices,  repugnant 
odours,  and  the  woolliness  or  toughness  that  makes  their  leaves 
uneatable.  Animals  exhibit  far  more  numerous 

adjustments,  both  passive  and  active.  In  some  cases  they 
survive  desiccation,  they  hybemate,  they  acquire  thicker 
clothing,  and  so  are  fitted  to  bear  unfavourable  inorganic 
actions ;  and  they  are  in  many  cases  fitted  passively  to  meet 
the  adverse  actions  of  other  organisms,  by  bearing  spines  or 
armour  or  shells,  by  simulating  neighbouring  objects  in  colour 
or  form  or  both,  by  emitting  disagreeable  odours,  or  by  having 
disgusting  tastes.  In  still  more  numerous  ways  they  actively 
contend  with  unfavourable  conditions.  Against  the  seasons 
they  guard  by  storing  up  food,  by  secreting  themselves  in 
crevices,  or  by  forming  burrows  and  nests.  They  save  them* 
selves  from  enemies  by  developed  powers  of  locomotion,  taking 
the  shape  of  swiftness  or  agility  or  aptitude  for  changing 
their  media ;  by  their  strength  either  alone  or  aided  by  wea- 
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pons;  lastly  by  their  intelligence,  without  whichi  indeed, 
their  other  superiorities  would  avail  them  little.    And  then' 
these  various  active  powers  serving  for  defencOi  become,  in 
other  cases,  the  powers  that  enable  aninaals  to  aggress,  and  to 
preserve  their  lives  by  the  success  of  their  aggressions. 

The  second  process  by  which  extinction  is  prevented — the 
formation  of  new  individuals  to  replace  the  individuals 
destroyed — is  carried  •  on,  as  described  in  the  chapter  on 
*'  Genesis,''  by  two  methods,  the  sexual  and  the  asexual. 
Plants  multiply  by  spontaneous  fission,  by  gemmation,  by 
proliferation,  and  by  the  evolution  of  young  ones  from  de- 
tached cells  and  scales  and  leaves ;  and  they  also  multiply 
by  the  casting  off  of  spores  and  sporangia  and  seeds.  In  like 
manner  among  animals,  there  ore  varied  kinds  of  a  go  mo- 
genesis,  from  spontaneous  fission  up  to  parthenogenesis,  all  of 
them  conducing  to  rapid  increase  of  numbers ;  and  we  Lave 
the  more  familiar  process  of  gamogenesis,  also  carried  on 
in  a  great  variety  of  ways.  This  formation  of 

new  individuals  to  replace  the  old,  is,  however,  inadequately 
conceived  if  we  contemplate  only  the  number  bom  or  detached 
on  each  occasion.  There  are  four  fieustors,  all  variable,  on 
which  the  rate  of  multiplication  depends.  The  first  ib  the 
age  at  which  reproduction  commences;  the  second  is  tho 
frequency  with  which  broods  are  produced ;  the  third  is  tho 
number  contained  in  each  brood ;  and  the  fourth  is  the  length 
of  time  during  which  the  bringing  forth  of  broods  con- 
tinues. There  must  be  taken  into  account  a  further  element 
— the  amount  of  aid  given  by  the  parent  to  each  germ  in  the 
shape  of  stored-up  nutriment,  continuous  feeding,  warmth, 
protection,  &c. :  on  which  amount  of  aid,  varying  between 
immensely  wide  limits,  depends  the  number  of  the  new  indi- 
viduals that  survive  long  enough  to  replace  the  old,  and 
perform  the  same  reproductive  process. 

Thus,  regarding  every  living  organism  as  having  a  moving 
equilibrium  dependent  on  environing  forces,  but  ever  liable 
to  be  overthrown  by  irregularities  in  those  forces,  and  always 
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80  overthrown,  sooner  or. later;  we  sed  that  each  kind  of 
organism  can  be  maintained  only  bj  generation  of  new  indi- 
viduals with  a  certain  rapidity,  and  by  helping  them  more 
or  less  fully  to  establish  their  moving  equilibria. 

§  318.  Such  are  the  factors  with  which  we  are  here  con- 
cerned. I  have  presented  them  in  abstract  shapes,  for  the 
purpose  of  showing  how  they  are  expressible  in  general  terms 
of  force — ^how  they  stand  related  to  the  ultimate  laws  of  re- 
distribution of  matter  and  motion. 

For  the  purposes  of  the  argument  now  to  follow,  we  mar, 
however,  conveniently  deal  with  these  factors  under  a  more 
familiar  guise.  Ignoring  their  other  aspects,  we  may  class 
the  actions  which  affect  each  race  of  organisms  as  forming 
two  conflicting  sets.  On  the  one  hand,  by  what  we  call 
natural  death,  by  enemies,  by  lack  of  food,  by  atmospheric 
changes,  &c.,  the  race  is  constantly  being  destroyed.  On  the 
other  hand,  partly  by  the  endurance,  the  strength,  the  swift- 
ness, and  the  sagacity  of  its  members,  and  partly  by  their 
fertility,  it  is  constantly  being  maintained.  These  conflicting 
sets  of  actions  may  be  generalized  as — the  forces  destructive 
of  race  and  the  forces  preservative  of  race.  So  generalizing 
them,  let  us  ask  what  are  the  necessary  implications. 


CHAPTER  n. 


A  PRIORI  PRINCIPLE. 


§  319.  The  number  of  a  species  must  at  any  time  be  either 
decreasing  or  stationary  or  increasing.  If,  generation  after 
generation,  its  members  die  faster  than  others  are  born,  the 
species  must  dwindle  and  finally  disappear.  If  its  rate  of 
multiplication  is  equal  to  its  rate  of  mortality,  there  can  be 
no  numerical  change  in  it.  And  if  the  deductions  by  death 
are  fewer  than  the  additions  by  birth,  the  species  must  be- 
come  more  abundant.  These  we  may  safely  set  down  as 
necessities.  The  forces  destructive  of  race  must  be  either 
greater  than  the  forces  preservative  of  race,  or  equal  to  them, 
or  less  than  them ;  and  there  cannot  but  result  these  effects 
on  number. 

We  are  here  concerned  only  with  races  that  continue  to 
exi^t ;  and  may  therefore  leave  out  of  consideration  those 
cases  in  which  the  destructive  forces,  remaining  permanently 
in  excess  of  the  preservative  forces,  cause  extinction.  Prac- 
tically, too,  we  may  exclude  the  stationary  condition  of  a 
species ;  for  the  chances  are  infinity  to  one  against  the  taain- 
tenance  of  a  permanent  equality  between  the  births  and  the 
deaths.  Hence,  our  inquiry  resolves  itself  into  this : — ^lu 
races  that  continue  to  elist,  what  laws  of  numerical  variation 
result  from  these  variable  conflicting  forces,  that  are  respec- 
tively destructive  of  race  and  preservative  of  race  P 

%  320.  Clearly  if  the  forces  destructive  of  race,  when  onco 
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drawn.  Hod  the  species  to  meet  no  repressing  inflaenco 
save  that  negative  one  of  relatively-diminished  space  or 
relatively-diminished  food-supply,  the  cause  leading  to  its 
increase  might  carry  it  up  to  the  limit  set  by  this,  and  there 
leave  it:  its  enlarged  number  might  be  permanent.  But 
the  positive  repressing  influence  that  lyis  been  called  into 
existence*  will  prevent  this.  For  the  increase  of  enemies, 
commencing,  as  it  must,  after  the  increase  of  the  species, 
and  advancing  iir  geometrical  progression  until  it  is  itself 
checked  in  like  manner,  will  end  in  an  excess  of  enemies. 
Whereupon  must  result  a  mortality  of  the  species  greater 
than  its  multiplication — a  decrease  which  will  continue  until 
its  habitat  is  underpeopled,  its  unduly-numerous  enemies 
decimated  by  starvation,  and  the  destroying  agencies  so 
reduced  to  a  minimum.  Whence  will  follow  another  in- 
crease. 

Thus,  as  before  indicated  (^Firai  Prin,  §  §  9(5,  133),  there  is 
here,  as  wherever  antagonistic  forces  are  in  action,  an  alter- 
nate predominance  of  each,  causing  a  rhythmical  movement 
— a  rhythmical  movement  which  constitutes  a  moving  equili- 
brium in  those  cases  where  the  forces  are  not  dissipated  with 
appreciable  rapidity,  or  are  re-supplied  as  fast  as  they  are 
dissipated.  While,  therefore,  on  the  one  hand,  we  see  that 
the  continued  existence  of  a  species  necessarily. implies  some 
action  by  which  the  destructive  and  preservative  forces  are 
self-adjusted  ;*  we  see,  on  the  other  hand,  that  such  an  action 
is  an  inevitable  consequence  of  the  universal  process  of 
equilibration. 

§  322.  Is  this  the  sole  equilibration  that  must  exist? 
Clearly  not.  The  temporary  compensating  adjustments  of 
multiplication  to  mortality  in  each  species,  are  but  intro- 
ductory to  the  permanent  compensating  adjustments  of  mul- 
tiplication to  mortality  among  species  in  general.  The  above 
reasoning  would  hold  just  as  it  now  does,  were  all  species 
equally  prolific  and   dl  equally  short-lived.      It  yields  no 
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anai^er  to  the  inquiries — ^why  do  their  fertilities  differ  so 
enormoasljy  or  why  do  their  mortalities  differ  so  eaormously  F 
and  how  is  the  general  fertility  adapted  to  the  general  mor- 
tality in  each  P    The  balancing  process  we  have  contemplated, 
can  go  on  only  within  moderate  limits — must  fail  entirely  in 
the  absence  of  a  due  proportion  between  the  ordinary  birth- 
rate and  the  ordinary  death-rate.     If  the  reproduction  oi 
mice  proceeded  as  slowly  as  the  reproduction  of  men^  mice 
would  be  extinct  before  a  new  generation  could  arise :  even 
did  their  natural  lives  extend  to  fifteen  or  sixteen  vears,  it 
would  still  be  extremely  improbable  that  any  would  for  so 
loug  survive  all  the  dangers  they  are  exposed   to.      Con- 
versely, did  oxen  propagate   as  fast  as  infusoria,  the  race 
would  die  of  starvation  in  a  week.     Hence,  the  minor  adjust- 
ment of  varying  multiplication  to  varying  mortality  in  each 
species,  implies  some  major  adjustment  of  average  multipli- 
cation to  average  mortality.  What  must  this  adjustment  be  ? 

We  have  already  seen  that  the  forces  preservative  of  race 
are  two— ability  in  each  member  of  the  race  to  preserve 
itself,  and  ability  to  produce  other  members — power  to  main- 
tain individual  life,  and  power  to  generate  the  species. 
These  must  vary  inversely.  When,  from  lowness  of  organi- 
zation, the  ability  to  contend  with  external  dangers  is  small, 
there  must  be  great  fertility  to  compensate  for  the  conse- 
quent mortality ;  otherwise  the  race  must  die  out.  When, 
on  the  contrary,  high  en4owments  give  much  capacity  of 
self-preservation^  a  correspondingly-low  degree  of  fertility  is  • 
requisite.  Given  the  dangers  to  be  met  as  a  constant  quan- 
tity ;  then,  as  the  ability  of  any  species  to  meet  them  must 
be  a  constant  quantity  too,  and  as  this  is  made  up  of  the  two 
factors— power  to  maintain  individual  life  and  power  to  muU 
tiply — ^these  cxmnot  do  other  than  vary  inversely :  one  must 
decrease  as  the  other  increases. 

It  needs  but  to  conceive  the  results  of  nonconformity  to 
this  law,  to  see  that  every  species  must  either  conform  to  it 
or  cease  to  exist.    Suppose,  first,  a  species  whose  individuals 
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having  but  small  self-preservatiYe  powen  are  rapidly  de- 
stroyedy  to  bo  at  the  same  time  without  reproductive  powers 
proportionately  great.     The  defect  of  fertility,  if  extreme, 
will  result  in  the  death  of  one  generation  before  another  has 
grown  up.     If  less  extreme,  it  will  entail  a  scarcity  such 
that  in  the  next  generation  sexual  congress  will  be  too  infre- 
quent to  maintain  even  the  small  number  that  remains ;  and 
the  race  will  dwindle  with  increasing  rapidity.    If  still  less 
extreme,  the  consequent  degree  of  rareness,  while  not  so 
great    as   to  prevent  an  adequate   number  of  procreative 
unions,  will  be  so  great  as  to  render  special  food  very  abundant 
and  special  enemies  very  few — will  thus  diminish  the  destruc- 
tive forces  so  much  that  the  self-preservative  forces  will  be- 
come relativchj  great :  so  great,  relatively,  that  when  com- 
bined with  the  small  ability  to  propagate  the  species,  they 
^ill  sufBcc  to  balance  the  small  destructive  forces.     Suppose, 
next,  a   species   whose    individuals    have    great  powers  of 
self-preservation,  while  they  have  powers  of  multiplication 
much  beyond  what  is  needful.     The  excess  of  fertility,  ii 
extreme,   will  cause  sudden  extinction  of  the  species  by 
starvation.    If  less  extreme,  it  must  produce  a  permanent 
increase  in  the  number  of  the  species ;   and  this,  followed 
by  intenser  competition  for  food  and  augmented  number 
of  enemies,  will  involve   such  an  increase  of  the  dangers 
to  individual  life,  that  the  great  self-preserving  powers  oi 
the  individuals  will  not  be  more  than  sufficient  to  cope  with 
them.     That  is  to  say,  if  the  fertility  is  relatively  too  greats 
then  the  ability  to  maintain  individual  life  inevitably  becomes 
smaller,  relatively  to  the  requirements ;  and  the  inverse  pro- 
portion is  thus  established. 

-  So  that  when,  from  comparing  the  different  states  of  the 
same  species,  we  go  on  to  compare  the  states  of  different  species, 
we  see  that  there  is  an  analogous  adjustment— -analogous 
in  the  sense  that  great  mortality  is  associated  with  great 
multiplication,  and  small  mortality  with  small  multiplication. 
And  we  see  that  the  unlikeness  of  the  cases  consists  merely 
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in  thisy  that  what  is  a  temporary  relation  in  the  one  is  a  per- 
manent relation  in  the  other. 

§  323.  For  the  moment  it  does  not  concern  us  to  inquire 
what  is  the  origin  of  this  permanent  relation.  That  which 
we  have  now  to  note,  is  simply  that  in  some  way  or  other 
there  musfc  be  established  an  inverse  proportion  between  the 
power  to  sustain  individual  life  and  the  power  to  produce 
new  individuals.  Hero  it  is  enough  for  us  to  recognize  tliis 
as  a  necessary  truth.  "Whether  or  not  the  permanent  rela- 
tion is  self-adjusting  in  long  periods  of  time,  as  the  tempo- 
rary relation  is  self-adjusting  in  short  periods  of  time,  is  a 
separate  question.  The  purpose  of  this  chapter  is  fultilled  by 
showing  that  such  a  pcrmaneuc  relation  must  e.\i;>t. 

But  having  recognized  the  a  priori  principle  that  in  races 
which  continuously  survive,  the  forces  destructive  of  race 
must  be  equilibrated  by  the  forces  preservative  of  race ;  and 
that  supposing  these  are  constant,  there  must  be  an  inverse 
proportion  between  self-preservation  and  race-preservation ; 
wo  may  go  on  to  inquire  how  this  relation,  necessary  in 
theory,' arises  in  fact.  Leaving  out  the  untenable  hypothesis 
of  a  supernatural  pre-adjastment,  we  havo  to  ask  in  what 
way  an  adjustment  comes  about  as  a  result  of  Evolution. 
Ts  it  due  to  the  survival  of  varieties  in  which  the  proportion 
of  fertility  to  mortality  happens  to  bo  the  best  ?  Or  is  the 
fertility  adapted  to  the  mortality  in  a  more  direct  way  ?  To 
these  questions  let  us  now  address  ourselves. 


CHAPTER  lEL 

OBVERSE  A  PRIORI  PKniCIPLE. 

§  324.  When  dealing  with  its  phenomena  inductively,  we 
saw  that  however  it  may  be  carried  on,  Genesis  ''  is  a  process 
of  negative  or  positive  disintegration ;  and  is  thus  essentially 
opposed  to  l^hat  process  of  integration,  '.rhich  is  ono  element 
of  individual  evolution."  (§  76.)  Each  new  individual,  whe- 
ther separated  as  a  germ  or  in  some  more-developed  form,  is  a 
deduction  from  the  mass  of  a  pre-existing  individual  or  of  two 
pre-existing  individuals.  Whatever  nutritive  matter  is  stored 
up  along  with  the  germ,  if  it  be  deposited  in  the  shape  of  au 
oggy  is  so  much  nutritive  matter  lost  to  the  parent.  No 
drop  of  blood  can  be  absorbed  by  the  foetus,  and  no  draught 
of  milk  sucked  by  the  young  when  bom,  without  taking 
from  the  mother  tissue-forming  and  force-evolving  materials 
to  an  equivalent  amount.  And  all  subsequent  supplies  given 
to  progeny,  if  they  are  nurtured,  involve,  to  a  parent  or 
parents,  so  much  waste  in  exertion  that  does  not  bring  its 
return  in  assimilated  food« 

Conversely,  the  continued  aggregation  of  materials  into  one 
organism,  renders  impossible  the  formation  of  other  organ- 
isms out  of  those  materials.  As  much  assimilated  food  as  is 
united  into  a  single  whole,  is  so  much  assimilated  food  with- 
held from  a  plurality  of  wholes  that  might  else  have  been 
produced.  Given  the  absorbed  nutriment  as  a  constant 
quanti(3%  and  the  longer  the  building  of  it  up  into  a  con- 
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Crete  shape  goes  on,  the  longer  mast  be  postponed  any  build- 
ing of  it  up  into  discrete  shapes.  And  similarly,  the  larger 
the  proportion  of  matter  consumed  in  the  functional  actions 
of  parents,  the  smaller  must  be  the  proportion  of  matter  that 
can  remain  to  establish  and  support  the  functional  actions  of 
offspring. 

Though  the  necessity  of  these  universal  relations  is  toler- 
ably obvious  as  thus  generally  stated,  it  mil  be  useful  t^  dwell 
for  a  brief  space  on  their  leading  aspects. 

§  325.  That  disintegration  which  constitutes  genesis,  may 
be  such  as  to  disperse  entirely  the  aggrcgiite  which  integra- 
tion has  previously  produced — the  parent  may  dissolve  wholly 
into  progeny.  This  dissolution  of  each  aggregiito  into  two 
or  manv  auf^jreimtes,  mav  occur  at  verv  shore  intervals,  in 
which  case  the  bulk  attained  can  be  but  extreraelv  small ;  or 
it  mav  occur  at  Ioniser  intervals,  in  which  case  a  larcfer  baik 
may  be  attained. 

Instead  of  quickly  losing  its  own  individuality  in  the 
individualities  of  its  offspring,  each  member  of  the  race  may, 
after  growing  for  a  time,  have  portions  of  its  substance  begin 
to  develop  into  the  parental  shape  and  presently  detach 
themselves;  and  the  parent,  maintaining  its  own  identity, 
may  continue  indefinitely  so  to  produce  young  ones.  But 
clearly,  the  earlier  it  commences  doing  this,  and  the  more 
rapidly  it  does  it,  the  sooner  must  the  increase  of  its  own 
bulk  be  stopped. 

Or  again,  growth  and  development  continuing  for  a  long 
period  without  any  deduction  of  materials,  an  individual  of 
considerable  size  and  organization  may  result ;  and  then  tho 
abstraction  of  substance  for  the  formation  of  new  individuals, 
or  rather  the  eggs  of  them,  may  be  so  great  that  as  soon  as 
the  eggs  are  laid  the  parent  dies  of  exhaustion— dies,  that  is, 
from  an  excessive  loss  of  the  nutritive  matters  needed  for  its 
own  activities. 

Once  more,  the  deduction  of  materials  for  the  propagation 
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of  the  species  may  be  postponed  long  enough  to  allow  of  great 
bulk  and  complex  structure  being  attained.  The  procreative 
subtraction  then  setting  in,  while  it  checks  and  presently 
stops  growth,  may  bo  so  moderate  as  to  leave  Tital  capital 
sufficient  to  carry  on  the  activities  of  the  parent ;  may  go 
on  as  long  as  parental  vigour  suffices  to  furnish,  without  fatal 
result,  the  materials  needed  to  produce  young  ones  ;  and  may 
cease  when  such  a  surplus  cannot  be  supplied,  leaving  the 
parental  life  to  continue. 

§  326.  The  opposite  side  of  this  antagonism  has  also 
several  aspects.  Progress  of  organic  evolution  may  be  shown 
in  increased  bulk,  in  increased  structure,  in  increased  amount 
or  varietv  of  action,  or  in  combinations  of  these  ;  and  under 
unv  of  its  forms  this  carrvinij  higher  of  each  individual tv, 
implies  a  correlative  retardation  in  the  establishment  of  new 
individualities. 

Other  tjbings  equal,  every  addition  to  the  bulk  of  an 
organism  is  an  augmentation  of  its  life.  Besides  being  an 
advance  in  integration,  it  implies  a  greater  total  of  acti* 
vities  gone  through  in  the  assimilation  of  materials;  and 
it  implies,  thereafter,  a  greater  total  of  the  vital  changes 
taking  place  from  moment  to  moment  in  all  parts  of  the 
enlarged  mass.  Moreover,  while  increased  size  is  thus,  in  so 
far,  the  expression  of  increased  life,  it  is  also,  where  the 
organism  is  active,  the  expression  of  increased  ability  to 
maintain  life — increased  strength.  Aggregation  of  sub- 
stance is  almost  the  only  mode  in  whioh  self-preserviog 
power  is.  shown  among  the  lowest  .types;  and  even 
among  the  highest,  sustaining  the  body  in  its  integrity 
is  that  in  which  self-preservation  fundamentally  consists — is 
the  end  which  the  widest  intelligence  is  indirectly  made  to 
subserve.  While,  on  the  one  hand,  the  increase  of  tissue 
constituting  growth  is  conservative  both  in  essence  and  in 
result ;  on  the  other  hand,  decrease  of  tissue,  either  from 
injury,  disease,  or  old  age,  is  in  both  essence  and  result  tho 
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reverse.  And  if  so,  every  addition  to  individual  life  thus 
implied,  necessarily  delays  or  diminishes  the  casting  off  of 
matter  to  form  new  individuals. 

Other  things  equal,  too,  a  greater  degree  of  organization 
involves  a  smaller  degree  of  that  disorganization  shown  by 
the  separation  of  reproductive  gemm®  and  germs.  Detach- 
ment of  a  living  portion  or  portions  from  what  was  previously 
a  living  whole,  is  a  ceasing  of  co-ordination  ;  and  is  therefore 
essentially  at  variance  with  that  establishment  of  greater  co- 
ordination which  is  achieved  by  structural  development.  In 
the  extreme  cases  where  a  living  mass  is  continually  dividing 
and  subdividing,  it  is  manifest  that  there  cannot  arise  much 
physiological  division  of  labour;  since  progress  towards 
mutual  dependence  of  parts  is  prevented  by  the  parts 
becoming  independent.  Contrariwise,  it  is  equally  clear 
that  in  proportion  as  the  physiological  division  of  labour  is 
carried  iar,  the  separative  process  muse  be  localized  in  some 
comparatively  small  portion  of  the  organism,  where  it  may 
go  on  without  affecting  the  general  structure — must  become 
relatively  subordinate.  The  advance  that  is  shown  by 
greater  heterogeneity,  must  be  a  hindrance  to  multiplication 
in  another  way.  For  organization  entails  cost.  That  transfer 
and  transformation  of  materials  implied  by  differentiation, 
can  be  effected  only  by  expenditure  of  force ;  and  this  sup- 
poses consumption  of  digested  and  absorbed  food,  which  might 
otherwise  have  gone  to  make  new  organisms,  or  the  germs  of 
them.  Hence,  that  individual  evolution  which  consists  in 
progressive  differentiationi  as  well  as  that  which  consists  in 
progressive  integration,  necessarily  diminishes  that  spieciea 
of  dissolution,  general  or  local,  which  propagation  of  the  race 
exhibits. 

In  active  organisms  we  have  yet  a  further  opposition 
between  self-maintenance  and  maintenance  of  the  race.  All 
motion,  sensible  and  insensible,  generated  by  an  animal 
Tor  the  preservation  of  its  life,  is  motion  liberated  from 

iecomposed  nutriment — ^nutriment  which,  if  not  thus  decom- 
ToL.  n.  18 
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of  the  species  may  be  postponed  long  enough  to  allow  of  great 
bulk  and  complex  structure  being  attained.  The  procrcative 
subtraction  then  setting  in,  while  it  checks  and  presently 
stops  growth,  may  bo  so  moderate  as  to  leave  Tital  capital 
suflScicnt  to  carry  on  the  activities  of  the  parent ;  may  go 
on  as  long  as  parental  vigour  suffices  to  furnish,  without  fatal 
result,  the  materials  needed  to  produce  young  ones  ;  and  may 
cease  when  such  a  surplus  cannot  be  supplied,  leaving  tho 
parental  life  to  continue. 

§  32G.  The  opposite  side  of  this  antagonism  has  also 
several  aspects.  Progress  of  organic  evolution  may  be  shown 
in  increased  bulk,  in  increased  structure,  in  increased  amount 
or  variety  of  action,  or  in  combinations  of  these ;  and  under 
unv  of  its  forms  this  carrvina:  higher  of  each  individuulitv, 
implies  a  correlative  retardation  in  the  establishment  of  new 
ir.dividualities. 

Other  t;hings  equal,  every  addition  to  the  bulk  of  an 
organism  is  an  augmentation  of  its  life.  Besides  being  an 
advance  in  integration,  it  implies  a  greater  total  of  acti- 
vities gone  through  in  the  assimilation  of  materials;  and 
it  implies,  thereafter,  a  greater  total  of  the  vital  changes 
taking  place  from  moment  to  moment  in  all  parts  of  the 
enlarged  mass.  Moreorer,  while  increased  size  is  thus,  in  so 
far,  the  expression  of  increased  life,  it  is  also,  where  the 
organism  is  active,  the  expression  of  increased  ability  to 
maintain  life — increased  strength.  Aggregation  of  sub- 
stance is  almost  the  only  inode  in  which  self-preserving 
][x>wer  is.  shown  among  the  lowest  .types;  and  even 
among  the  highest,  sustaining  the  body  in  its  integrity 
is  that  in  which  self-preservation  fundamentally  consists — is 
the  end  which  the  widest  intelligence  is  indirectly  made  to 
subserve.  While,  on  the  one  hand,  the  increase  of  tLssue 
constituting  growth  is  conservative  both  in  essence  and  in 
result ;  on  the  other  hand,  decrease  of  tissue,  either  from 
injury,  disease,  or  old  age,  is  in  both  essence  and  result  tho 
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reverse.  And  if  so,  every  addition  to  individual  life  thus 
implied,  necessarily  delays  or  diminishes  the  casting  off  of 
matter  to  form  new  individuals. 

Other  things  equal,  too,  a  greater  degree  of  organization 
involves  a  smaller  degree  of  that  disorganization  shown  by 
the  separation  of  reproductive  gemmae  and  germs.  Detach- 
ment of  a  living  portion  or  portions  from  what  was  previously 
a  living  whole,  is  a  ceasing  of  co-ordination  ;  and  is  therefore 
essentially  at  variance  with  that  establishment  of  greater  co- 
ordination which  is  achieved  by  structural  development.  In 
the  extreme  cases  where  a  living  mass  is  continually  dividing 
and  subdividing,  it  is  manifest  that  there  cannot  arise  much 
physiological  division  of  labour;  since  progress  towards 
mutual  dependence  of  parts  is  prevented  by  the  parts 
becoming  independent.  Contrariwise,  it  is  equally  clear 
that  in  proportion  as  the  physiological  division  of  labour  is 
tarried  i'ur,  the  separative  process  must  be  localized  in  some 
comparatively  small  portion  of  the  organism,  where  it  may 
go  on  without  affecting  the  general  structure — must  become 
relatively  subordinate.  The  advance  that  is  shown  by 
greater  heterogeneity,  must  be  a  hindrance  to  multiplication 
in  another  way.  For  organization  entails  cost.  That  transfer 
and  transformation  of  materials  implied  by  differentiation, 
can  be  effected  only  by  expenditure  of  force ;  and  this  sup- 
poses consumption  of  digested  and  absorbed  food,  which  might 
otherwise  have  gone  to  make  new  organisms,  or  the  germs  of 
them.  Hence,  that  individual  evolution  which  consists  in 
progressive  differentiation!  as  well  as  that  which  consists  in 
progressive  integration,  necessarily  diminishes  that  species 
of  dissolution,  general  or  local,  which  propagation  of  the  race 
exhibits. 

In  active  organisms  we  have  yet  a  further  opposition 

between  self-maintenance  and  maintenance  of  the  race.     All 

motion,  sensible  and  insensible,   generated  by  an   animal 

for  the  preservation  of  its  life,  is  motion  liberated  from 

lecomposed  nutriment — nutriment  which,  if  not  thus  decom- 
ToL.  n.  18 
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posed,  would  have  been  available  for  reproduction ;  or  rather 
— might  have  been  replaced  by  nutriment  fitted  for  repro- 
ductive purposes,  absorbed  from:other  kinds  of  food.  Hence, 
in  proportion  as  the  activities  increase^in  proportion  as,  by 
its  more  varied,  complex,  rapid,  and  vigorous  actions,  an 
animal  gains  power  to  support  itself  and  to  cope  with  sur- 
rounding dangers,  it  must  lose  power  to  propagate. 

§  327.  How  may  this  antagonism  be  best  expressed  in  a 
brief  wayP  If  self-preservation  displayed  itself  in  the 
highest  organisms,  as  it  does  in  the  lowest,  in  liltie  else  but 
continuous  growth ;  and  if  race-preservation  consisted  alwuys, 
as  it  does  often,  of  nothing  beyond  detachment  of  portions 
from  tho  parental  mass;  then  the  antagonism  would  be, 
throughout,  the  obviously-necessary  one  of  integration  and 
disintegration.  Maintenance  of  the  individual  and  propas^n- 
tion  of  the  species,  being  respectively  aggregative  and  sepam- 
tive,  it  would  be  as  self-evident  that  they  vary  inversely,  as 
it  is  self-evident  that  addition  and  subtraction  undo  one 
another.  But  though  the  simplest  types  show  us  the  opposi- 
tion of  self-maintenance  and  race-maintenance  almost  wholly 
under  this  form ;  and  though  higher  types,  up  to  the  most 
complex,  exhibit  it  to  a  great  extent  under  this  form ;  yet,  as 
we  have  just  seen,  this  is  not  its  only  form.  The  total 
material  monopolized  by  the  individual  and  withheld  from 
the  race,  must  be  stated  as  the  quantity  united  to  form  its 
fabric,  plus  the  quantity  expended  in  differentiating  its 
fabric,  plu8  the  quantity  expended  in  its  self-conserving 
actions.  Similarly,  the  total  material  devoted  to  the  race  at 
the  expense  of  the  individual,  includes  that  which  is  directly 
subtracted  from  the  parent  in  the  shape  of  egg  or  foetus,  plus 
that  which  is  directly  subtracted  in  the  shape  of  milk,  plus 
that  which  is  indirectly  subtracted  in  the  shape  of  matter 
consumed  in  the  exertions  of  fostering  the  young.  Hence 
this  inverse  variation  is  not  expressible  in  simple  terms  oi 
aggregation  and  separation.    As  we  advance  to  more  highly- 
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evolved  organisms,  the  total  cost  of  an  individual  becomes 
very  much  greater  than  is  implied  by  the  amount  of  tissue 
composing  it.  So,  too,  the  total  cost  of  producing  each  new 
individual  becomes  very  much  greater  than  that  of  its  mere 
substance.  And  it  is  between  these  two  total  costs  that  the 
antagonism  exists. 

We  may,  indeed,  reduce  the  antagonism  to' a  form  compre- 
hensive of  all  cases,  if  we  consider  it  as  existing  between  the 
sums  of  the  forces,  latent  and  active,  used  for  the  two  pur- 
poses. The  molecules  which  make  up  a  plant  or  animal, 
have  been  formed  by  the  absorption  of  forces  directly  or 
indirectly  derived  from  the  sun ;  and  hence  the  quantity  of 
matter  raised  to  the  form  called  organic,  which  a  plant  or 
animal  presents,  is  equivalent  to  a  certain  amount  of  forcu. 
Another  amount  of  force  is  exoressed  bv  the  totalitv  of  its 
differentiations.  A  further  amount  of  force  is  that  disfiinaied 
in  its  actions.  And  in  these  three  amounts  added  together, 
we  have  the  whole  expense  of  the  individual  life.  So,  too, 
the  whole  expense  of  establishing  each  new  individual 
includes — first  the  forces  latent  in  the  substance  composing 
it  when  bom  or  hatched;  second  the  forces  latent  in  the 
prepared  nutriment  afterwards*  supplied ;  and  third  the 
forces  expended  in  feeding  and  protecting  it.  These  two 
sets  of  forces  being  taken  from  a  common  fund,  it  is  manifest 
that  either  set  can  increase  onlv  bv  decrease  of  the  other. 
If,  of  the  force  which  the  parent  obtains  from  the  environ- 
ment, much  is  consumed  in  its  own  life,  little  remains  to  be 
consumed  in  prpducing  other  lives ;  and,  conversely,  if  there 
is  a  great  consumption  in  producing  other  lives,  it  can  only 
be  where  comparatively  little  is  reserved' for  parental  life. 

Hence,  then.  Individuation  and  Genesis  are  necessarily 
antagonistic.  Grouping  under  the  word  Individuation  all 
processes  by  which  individual  life  is  completed  and  main- 
tained; and  enlarging  the  meaning  of  the  word  Genesis 
so  as  to  include  all  processes  aiding  the  formation  and  per- 
fecting of  new  individuals ;  wo  see  that  the  two  are  funda^ 
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mentally  opposed.  Assuming  other  things  to  remain  the 
same — assuming  that  environing  conditions  as  to  climate, 
food,  enemies,  &c.,  continue  constant ;  then.  Inevitably,  every 
higher  degree  of  Individual  evolution  is  followed  by  a  lower 
degree  of  race-multiplication,  and  vice  vend.  Progress  in 
bulk,  complexity,  or  activity,  involves  retrogress  in  fertility ; 
and  progress  in  fertility  involves  retrogress  in  bulk,  com- 
plexity, or  activity. 

This  statement  needs  a  slight  qualification.  For  reasons 
to  be  hereafter  assigned,  the  relation  described  Is  never  com- 
pletely maintained  ;  and  in  the  small  departure  from  it,  we 
shall  find  an  admirable  self-acting  tendency  to  further  the 
supremacy  of  the  most-developed  types.  Here,  however,  this 
hint  must  sufiice :  explanation  would  carry  us  too  far  out  of 
our  line  of  argument.  For  the  present  it  will  not  lead  us 
astray  if  wc  rcq:ard  this  inverse  variation  of  Individuation 
and  Genesis  as  exact. 

§  328.  Thus,  then,  the  condition  which  each  race  must 
fulfil  if  it  is  to  survive,  is  a  condition  which,  in  the  nature  of 
things,  it  ever  tends  to  fulfil.  In  the  lost  chapter  we  saw 
that  a  species  cannot  be  maintained  unless  the  power  to 
preserve  individual  life  and  the  power  to  propagate  other 
individuals  varv  inversely.  And  here  we  have  seen  that, 
irrespective  of  an  end  to  be  subserved,  these  powers  cannot 
do  other  than  vary  inversely.  On  the  one  hand,  given  a 
certain  totality  of  destroying  forces  with  which  the  species 
has  to  contend;  and  In  proportion  as  its  members  have 
severally  but  small  ability  to  resist  these  forces,  it  is  requisito 
that  they  should  have  great  ability  to  form  new  individuals, 
and  vice  versd.  On  the  other  hand,  given  the  quantity  of 
force,  absorbed  as  food  or  otherwise,  which  the  species  can 
use  to  counterbalance  these  destroying  forces ;  and  in  propor- 
tion as  much  of  It  is  expended  in  preserving  the  individual^ 
little  of  it  can  be  reserved  for  producing  new  individuals 
and  vice  vend.     There  Is  thus  complete  accordance  between 
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the  requirements  considered  under  each  aspect.  The  two 
necessities  correspond. 

We  might  rest  on  these  deductions  and  their  several  corol- 
laries. Without  going  further  we  might  with  safety  assert 
the  general  truths  that,  other  things  equal,  advancing  evohi- 
tion  must  bo  accompanied  by  declining  fertility ;  and  that,  in 
the  highest  types,  fertility  must  still  further  decrease  if 
evolution  still  further  increases.  We  might  be  sure  that  if, 
other  things  equal,  the  relations  between  an  organism  and  its 
environment  become  so  changed  as  permanently  to  diminish 
the  difficulties  of  self-preservation,  there  will  be  a  permanent 
increase  in  the  rate  of  multiplication ;  and,  conversely,  thuta 
decrease  of  fertility  will  result  where  altered  circumstances 
make  self-preservation  more  laborious. 

But  we  need  not  content  ourselves  with  these  d  priori 
inferences.  If  tliev  are  true,  there  must  be  an  airreenient 
between  them  and  the  observed  facts.  Let  us  see  how  i'ar 
such  an  agreement  is  traceable. 


4t  ^ 


CHAPTER  IV. 

DIFHCULTIES  OF  HTDITCTIVE  VERIFICATIOy. 

§  329.  "Were  all  species  subject  to  the  same  kinds  and 
amounts  of  destructive  forces,  it  would  be  easy,  by  comparing; 
different  species,  to  test  the  inverse  variation  of  Individuation 
ind  Genesis.  Or  if  cither  the  power  of  self-preservation  or 
the  power  of  multiplication  were  constant,  there  would  bo 
little  difficulty  in  seeing  how  the  other  changed  as  the 
destroying  forces  changed.  But  comparisons  are  nearly 
always  partially  vitiated  by  some  want  of  parity.  Each 
factor,  besides  being  variable  as  a  whole,  is  compounded 
of  factors  that  are  severally  variable.  Not  simply  is  the  sum 
of  the  forces  destructive  of  race  different  in  every  case ;  and 
not  simply  are  both  sets  of  forces  preservative  of  race  unlike  in 
their  totalities  in  every  case ;  but  each  is  made  up  of  actions 
that  bear  such  changing  proportions  to  one  another  as  to 
prevent  any  positive  estimation  of  its  amount. 

Before  dealing  with  the  facts  as  well  as  we  can,  it  will  bo 
best  to  glance  at  the  chief  difficulties ;  so  that  we  may  see  the 
kind  of  verification  which  is  alone  possible. 

§  330.  Either  absolutely,  or  relatively  to  any  species, 
every  environment  differs  more  or  less  from  every  other. 

There  are  the  unlikenesses  of  media — air,  water,  earthy 
organic  matter ;  severally  involving  special  resistances  to 
movement,  and  special  losses  of  heat.     There  are  the  con- 
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trasts  of  climate :  here  great  expenditure  for  the  mainteDance 
of  temperature  is  needed,  and  there  very  little  ;  in  one 
zone  an  organism  is  supplied  with  abundant  light  all  the 
3'^ear  round,  and  in  another  only  for  a  few  months ;  this 
region  yields  an  almost  unfailing  supply  of  water,  while  that 
entails  the  exertion  of  travelling  many  miles  every  night  for 
a  draught. 

Pcrmaneat  differences  in  the  natures  and  distributions  of 
aliment  greatly  interfere  with  the  comparisons.  The  Swal- 
low goes  through  more  exertion  than  the  Sparrow  in  securing 
a  given  weight  of  food  ;  but  then  their  foods  are  dissimilar 
in  nutritive  qualities.  There  is  a  want  of  parallelism  between 
tho  circumstances  of  those  herbivores  that  live  where  the 
plains  are  annually  covered  for  a  time  with  rich  herbage, 
but  afterwards  become  parched  up,  and  of  those  inhabiting 
more  temperate  regions.  Insects  whose  larva)  feed  on  an 
abundant  plane,  as  those  ot'  the  genus  J'uiic6iiu  ou  the  XcUle, 
have  practically  an  environment  very  unlike  that  of  insects 
such  as  Deilephilii  jEup/iorbim,  whose  larva)  feed  on  a  com- 
paratively rare  plant — the  Sea-Spurge. 

Again,  comparisons  between  creatures  otherwise  akin  in 
their  constitutions  and  circumstances,  are  hindered  by  ine- 
qualities in  their  relations  to  enemies.  Two  animals,  of 
which  one  is  predatory  and  has  no  foes  but  parasites,  while 
the  other  is  much  pursued,  cannot  properly  be  contrasted 
with  a  view  to  determining  the  influence  of  size  or  com- 
plexity. 

Without  multiplying  instances,  it  will  be  clear  enough 
then  that  the  aggregate  of  destructive  actions,  positive  and 
negative,  which  each  species  has  to  contend  with,  is  so 
undefinable  in  the  amounts  and  kinds  of  its  components, 
that  nothing  beyond  a  vague  idea  of  its  relative  total  can 
be  formed. 

§  331.  Besides  these  immense  variations  -  in  the  outer 
actions  to  be  counter-balanced,  there  are  immense  variations 
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in  the  inner  actions  required  to  counter-bolance  them.  Even 
if  species  were  similarly  conditioned,  self-preservation  would 
require  of  them  extremely  unlike  expenditures  of  force. 

The  cost  of  locomotion  increases  in  a  greater  ratio  than  the 
size.  In  virtue  of  the  law  that  the  weights  of  animals  increase 
as  the  cubes  of  their  dimensions,  while  their  strengths  increase 
only  as  the  squares  of  their  dimensions  (§  46),  a  given  speed 
requires  a  large  animal  to  consume  more  substance  in  propor- 
tion to  its  weight,  than  it  requires  a  small  animal  to  consume ; 
and  this  law  holding  of  all  the  mechanical  actions,  there 
results,  other  things  equal,  a  difficulty  of  self- maintenance 
that  augments  in  a  more  rapid  ratio  than  the  bulk.  Xor 
must  we  overlook  the  further  complication,  that  among 
aquatic  creatures  the  variation  of  resistance  of  the  medium 
partially  neutralizes  this  effect. 

Again,  the  heat-consumption  is  a  changing  element  in  the 
total  expense  of  self-preservation.  Creatures  that  have  tem- 
peratures scarcely  above  that  of  the  air  or  water,  may,  other 
things  equal,  accimiulate  more  surplus  nutriment  than 
creatures  that  have  to  keep  their  bodies  warm  spite  of  the 
continual  loss  by  radiation  and  conduction.  This  difference 
of  cost  is  modified  by  the  presence  or  absence  of  natural 
clothing ;  and  it  is  also  modified  by  unlikeneases  of  size.  Here 
the  bulky  animals  have  the  advantage :  small  masses  cool- 
ing  more  rapidly  than  large  ones. 

Dissimilarities  of  attack  and  defence  are  also  causes  of 
variation  in  the  outlay  for  self-maintenance.  A  creature 
that  has  to  hunt,  as  compared  with  another  that  gets  a 
sufficiency  of  prey  by  lying  in  wait,  or  a  creature  that 
escapes  by  speed  as  compared  with  another  that  escapes  by 
concealment,  obviously  leads  a  life  that  is  physiologically 
more  costly.  Animals  tbat  protect  themselves  passively, 
as  the  Hedge-hog  by  its  spines  or  as  the  Skunk  and  the 
Musk-rat  by  their  intolerable  odours,  are  relatively  econo- 
mical ;  and  have  the  more  vital  capital  for  other  purposes. 

Amplification  is  needless.    These  instances  will  show  that 
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anything  beyond  very  general  conceptions  of  the  individual 
expenditures  in  different  cases,  cannot  be  reached. 

• 

§  332.  Still  more  entangled  are  we  among  qualifying  con- 
siderations when  we  contrast  species  in  their  powers  of  multi* 
ph'cation.  The  total  cost  of  Genesis  admits  of  even  less 
definite  estimation  than  does  the  total  cost  of  Individua- 
tion. I  do  not  refer  merely  to  the  truth  that  the  degree  of 
fertility  depends  on  four  factors — ^the  age  of  commencing 
reproduction,  the  number  in  each  brood,  the  frequency  of  the 
broods,  and  the  time  during  which  broods  continue  to  be 
repeated.  There  are  many  further  obstacles  in  the  way  of 
comparisons. 

Were  all  multiplication  carried  on  sexually,  the  problem 
would  be  less  involved ;  but  there  are  many  kinds  of  asexual 
multiplication  alternating  with  the  sexual.  This  asexual 
multiplication  is  in  some  cases  perpetual  instead  of  occa- 
sional; and  often  has  more  forms  than  one  in  the  same 
species.  The  result  is  that  we  have  to  compare  what  is  here 
a  periodic  process  with  what  is  elsewhere  a  cyclical  process 
partly  continuous  and  partly  periodic — the  calculation  of  fer- 
tility in  this  last  case  being  next  to  impossible. 

T7e  have  to  avoid  being  misled  by  the  assumption  that  the 
cost  of  Qenesis  is  measured  by  the  number  of  young  produced, 
instead  of  being  measured,  as  it  is,  by  the  weight  of  nutri- 
ment abstracted  to  form  the  young,  pins  the  weight  con- 
sumed in  caring  for  ihem.  This  total  weight  may  be 
very  diversely  apportioned.  In  contrast  to  the  Cod  with  its 
million  of  small  ova  spawned  without  .protection,  we  may 
put  the  Sippocampus  or  the  Pipe-fish,  with  its  few  relatively- 
large  ova  carried  about  by  the  male  in  a  caudal  poucn,  or 
seated  in  hemispherical  pits  in  its  skin  ;  or  we  may  put  the 
still  more  remarkable  genus  Arius,  and  especially  Ariits 
Boakeii — a  fish  some  six  or  seven  inches  long,  which  produces 
ten  or  a  dozen  eggs  as  large  as  marbles,  that  are  carried  by 
the  male  in  his  mouth  till  they  aro  hatched.     Here  though 
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the  degrees  of  fertility,  if  measured  by  the  numbers  of 
fertilized  germs  deposited,  are  extremely  unlike,  they  aro 
less  unlike  if  measured  by  the  numbers  of  young  that  are 
hatched  and  survive  long  enough  to  take  care  of  themselves  ; 
nor  will  the  tax  on  the  parent-Cod  seem  so  immensely  dif- 
ferent from  that  on  the  parent-^rttra,  if  the  masses  of  the  ova, 
instead  of  their  numbers,  are  compared.  Again, 

while  sometimes  the  parental  loss  is  little  else  but  the  matter 
deducted  to  form  eggs,  &c. ;  at  other  times  it  takes  the 
shape  of  a  small  direct  deduction  joined  with  a  large  indirect 
outlay.  The  Mason-wasp  furnishes  a  typical  instance.  In 
journey  in  gs  hither  and  thither  to  fetch  bit  by  bit  the 
materials  for  building  a  cell;  in  putting  together  these 
materials,  as  well  as  in  secreting  glutinous  matter  to  act  as 
cement ;  and  then,  afterwards,  in  the  labour  of  seeking  for, 
and  carrying,  the  small  caterpillars  with  which  it  fills  up  tlie 
cell  to  serve  its  larva  with  food  when  it  emerges  from  the 
egg ;  the  Mason- wasp  probably  expends  more  substance  than 
is  contained  in  the  egg  itself.  And  this  supplementary  ex- 
penditure is  manifestly  so  great,  that  but  few  eggs  can  be 
housed  and  provisioned. 

Estimates  of  the  cost  of  Genesis  are  further  complicated  by 
variations  in  the  ratio  borne  by  the  two  sexes.  Among 
Fishes  the  mass  of  milt  approaches  in  size  the  mass  of  spawn ; 
but  among  higher  Vertebrata  the  substance  lost  by  the  one 
sex  in  the  shape  of  sperm-cells  is  small  compared  with  that 
lost  by  the  other  sex  in  the  shape  of  albumen  stored-up  in 
the  eggs,  or  blood  supplied  to  the  foBtus,  or  milk  given  to  the 
young.  Then  there  come  the  differences  of  indirect  tax 
on  males  and  females,  li^hile,  frequently,  the  fostering  of 
the  young  devolves  entirely  on  the  female,  occasionally,  tho 
male  undertakes  it  wholly  or  in  part.  After  building  a 
nest,  the  male  Stickleback  guards  the  eggs  till  they  are 
hatched ;  as  does  also  the  great  Silurus  glania  for  some  forty 
days,  during  which  he  takes  no  food.  And  then,  among  most 
birds,  we  have  the  male  occupied  in  feeding  the  female  during 
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incabation,  and  the  young  afterwards.  Evidently  all  these 
differences  affect  the  proportion  between  the  total  cost  of  re- 
production  and  the  total  cost  of  individuation. 

Whether  the  species  is  monogamous  or  polygamous,  and 
whether  there  aro  marked  differences  of  size  or  of  structure 
between  males  and  females,  are  also  questions  not  to  bo  over- 
looked. If  there  are  many  females  to  one  male,  the  total 
quantity  of  assimilated  matter  devoted  by  each  generation  to 
the  production  of  a  new  generation,  is  greater  than  if  thoro 
is  a  male  to  each  female.  Similarly,  where  the  requirements 
are  such  that  small  males  will  suffice,  the  larger  quantity  of 
food  left  for  the  females,  makes  possible  a  greater  surplus 
available  for  reproduction.  And  where,  as  in  some  of  tho 
Cirr/iipedia,  or  such  a  parasite  as  Sphicrnlaria  JSunibi,  llio 
female  is  a  thousand  or  munv  thousand  times  tho  sizj  of  tho 
male,  the  reproductive  capacity  is  almost  doubled  :  the  effect 
on  the  rate  of  multiplication  being  something  like  that  which 
would  result  if  any  ordinary  race  could  have  all  its  males 
replaced  by  fertile  females.  Conversely,  where  tho 

habits  of  the  race  render  it  needless  that  both  sexes  should 
have  developed  powers  of  locomotion — where,  as  in  the  Glow- 
worm and  sundry  Lepidcptera,  the  female  is  wingless  while 
the  male  has  wings — the  cost  of  Individuation  not  being  so 
great  for  the  species  as  a  whole,  there  arises  a  greater  reserve 
lor  (xenesis :  the  matter  which  would  otherwise  have  gone  to 
the  production  of  wings  and  the  using  of  them,  may  go  to 
the  production  of  ova. 

Other  complications,  as  those  which  we  see  in  Bees  and 
Ants,,  might  be  dwelt  on ;  but  the  foregoing  will  amply  serve 
the  intended  purpose. 

§  333.  To  ascertain  by  comparison  of  cases  whether  Indi- 
viduation and  Genesis  vary  inversely,  is  thus  an  under- 
taking so  beset  with  difficulties,  that  we  might  despair  of  any 
satisfactory  results,  were  not  the  relation  too  marked  a  one 
to  be  bidden  even  by  all  these  complexities.      Species  aro 
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60  extremely  contrasted  in  their  degrees  of  evolution,  and  so 
extremely  contrasted  in  their  rates  of  mnltiplication,  that  the 
law  of  relation  between  these  characters  becomes  nnmis- 
takable  when  the  evidence  is  looked  at  in  its  ensemble.  This 
wc  shall  soon  find  on  ranging  in  order  a  number  of  typical 
cases. 

In  doing  this  it  will  be  convenient  to  neglect,  temporarily, 
all  unlikenesses  among  the  circumstances  in  which  organ- 
isms are  placed.  At  the  outset,  we  will  turn  our  attention 
wholly  to  the  antagonism  displayed  between  the  integrative 
process  which  results  in  individual  evolution  and  the  disinte- 
grative process  which  results  in  multiplication  of  individuals ; 
and  this  we  will  consider  first  as  we  see  it  under  the  several 
forms  of  ac^amogenesis,  and  then  as  we  see  it  under  the  seve- 
ral forms  of  gamogencsis.  TVe  will  next  look  at  the  anta- 
'^^onism  bcrwocn  prcpaqi-ation  and  ^hat  ovolutioTi  which  is 
shown  by  increased  complexity.  And  then  "we  will  consider 
the  remaining  phase  of  the  antagonism,  as  it  exists  between 
the  degree  of  fertility  and  the  degree  of  evolution  expressed 
by  activity. 

Afterwards,  passing  to  the  varying  relations  between 
organisms  and  their  environments,  we  will  note  how  relative 
increase  in  the  supply  of  food,  or  relative  decrease  in  the 
quantity  of  force  expended  by  the  individual,  entails  relative 
increase  in  tho  quantity  of  force  devoted  to  multiplication, 
and  vice  versa. 

Certain  minor  qualifications,  together  with  sundry  impor* 
tant  corollaries,  may  then  be  entered  upon. 


CEAPTER  V. 

AJ^TAGONIS^I  BETWEEN  GROWTH  AND  ASEXUAL  GENESIS. 

§  334.  When  illustrating,  in  Part  IV.,  the  morphologicai 
composition  oi  plants  and  animals,  there  n'crc  set  down  in 
gz'oups,  numerous  facts  which  wc  have  here  to  look  at  from 
another  point  of  view.  Then  we  saw  how,  by  union  of  small 
simple  aggregates,  there  are  produced  large  compound  aggre- 
gates. Now  we  have  to  observe  the  reactive  effect  of  thib 
process  on  the  relative  numbers  of  the  aggregates.  Our 
present  subject  is  the  antagonism  of  Individuation  and 
Genesis  as  seen  under  its  simplest  form,  in  the  self-evident 
truth  that  the  same  quantity  of  matter  may  be  divided  into 
many  small  wholes  or  few  large  wholes ;  but  that  number 
negatives  largeness  and  largeness  negatives  number. 

In  setting  down  some  examples,  we  may  conveniently 
adopt  the  same  arrangement  as  before.  We  will  look  at  the 
facts  as  they  are  presented  by  vegetal  aggregates  of  the  iirst 
order,  of  the  second  order,  and  of  the  third  order ;  and  then 
Qs  they  are  presented  by  animal  aggregates  of  the  same  three 
orders. 

§  335.  The  ordinary  unicellular  plants  are  at  once  micro- 
scopic and  enormously  prolific.  The  often  cited  ProtocoeeuB 
livaliSy  which  shows  its  immense  powers  of  multiplication  by 
*eddening  wide  tracts  of  snow  in  a  single  night,  does  this  by 
leveloping  in  its  cavity  a  brood  of  young  cells,  which,  being 
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presently  set  free  by  the  bursting  of  tbe  parent-cell^  severally 
grow  and  quickl}'  repeat  the  process.  The  like  occurs  among 
sundry  of  those  kindred  forms  of  minute  Algm  which,  by 
their  enormous  numbers,  sometimes  suddenly  change  pools  to 
an  opaque  green.  So,  too,  the  Desmidiacem  often  multiply  so 
greatly  as  to  colour  the  water ;  and  among  the  DiaiomacciB 
the  rate  of  genesis  by  self-division,  "  is  something  really  extra- 
ordinary. So  soon  as  a  frustule  is  divided  into  two,  each  of 
the  latter  at  onco  proceeds  with  the  act  of  self-division ;  so 
that,  to  use  Professor  Smith's  approximative  calculation  of 
the  possible  rapidity  of  multiplication,  supposing  the  process 
to  occupy,  in  any  single  instance,  twenty-four  hours,  '  we 
should  have,  as  the  progeny  of  a  single  frustule,  the  amazing 
number  of  one  thousand  millions  in  a  single  month.' "  In 
these  cases  the  multiplication  is  so  carried  on  that  the  parent 
Is  lost  in  the  offspring — the  old  individuality  disappears 
cither  in  the  swarms  of  zoospores  it  dissolves  into,  or  in  the 
two  or  ibur  new  individualities  simultaneously  produced  by 
fission.  Yegctal    aggregates  of    the    first    order, 

have,  however,  a  form  of  agamogenesis  in  which  the  parent 
individuality  is  not  lost :  the  young  cells  arise  from  the  old 
cells  by  external  gemmation.  This  process,  too,  repeated  as 
it  is  at  short  intervals,  results  in  immense  fertility.  The 
Yeast-fungus,  which  in  a  few  hours  thus  propagates  itself 
throughout  a  large  mass  of  wort,  offers  a  familiar  example. 

In  certain  compound  forms  that  must  be  classed  as  plants 
of  the  second  order  of  aggregation,  though  very  minute  ones, 
self-division  similarly  increases  the  numbers  at  high  rates. 
The  Sarcina  rentricuii,  a  parasitic  plant  that  infests  the 
stomach  and  swarms  afresh  as  fast  as  previons  swarms  are 
vomited,  shows  us  a  spontaneous  fission  of  clusters  of  cells. 
An  allied  mode  of  increase  occurs  in  Oonium  peetorak :  each 
cell  of  the  cluster  resolving  itself  into  a  secondary  cluster, 
and  the  secondary  clusters  then  separating.  **  Supposing, 
which  is  very  probable,  that  a  young  Oonium  after  twenty* 
four  hours  is  capable  of  development  by  fission,  it  follows 
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that  under  fuvourablo  conditions  a  single  colony  may  on  the 
second  day  develop  16,  on  the  third  256,  on  the  fourth  4,096, 
and  at  the  end  of  a  week  268,435,456  other  organisms  like 
itself."  In  the  Volcocinm  this  continual  dissolution  of  a  primary 
compound  individual  into  secondary  compound  individuals,  id 
carried  on  endogenously — the  parent  bursting  to  liberate  tlio 
young ;  and  the  numbers  arising  by  this  method,  also  are  some- 
times so  great  as  to  tint  large  bodies  of  water.  More 
fully  established  and  organized  aggregates  of  the  second 
order,  such  as  the  higher  Thallogens  and  the  lower  Acrogens, 
do  not  sacrifice  their  individualities  bv  fission  :  but  never- 
theless,  by  the  kindred  process  of  gemmation,  are  continually 
hindered  in  the  increase  of  their  individualities.  The  gem  moo 
called  tetrasnorcs  are  cast  otf  in  ijreat  numbers  bv  the  marine 
Algce,  Among  those  simple  Jungcnnanniaccce  which  consist 
of  single  fronds,  the  young  ones  that  bud  out  grow  for  a  time 
in  connexion  with  their  parents,  deud  rootlets  iroin  tlioir 
under  sides  into  the  soil,  and  presently  separate  themselves — 
a  habit  which  augments  the  number  of  individuals  in  propor- 
tion as  it  checks  their  growths. 

Plants  of  the  third  order  of  composition,  arising  by  arrest 
of  this  separation,  exhibit  a  further  corresponding  decrease 
in  the  abundance  of  the  aggregates  formed.  Acrogens  of 
inferior  types,  in  which  the  axes  produced  by  integration  of 
fronds  are  but  small  and  feeble,  are  characterized  bv  the 
habit  of  throwing  offbulbik — bud-shaped  axes  which,  falling 
and  taking  root,  add  to  the  number  of  distinct  individuals. 
This  agamic  multiplication,  very  general  among  the  Mosses 
and  their  kindi'ed,  and  not  uncommon  under  a  modified 
form  in  such  higher  types  as  the  Ferns,  many  of  which 
produce  young  ones  from  the  surfaces  of  their  fronds,  becomes 
very  unusual  among  Phacnogams.  The  detachment  of  bulbilsi 
though  not  unknown  among  them,  is  exceptional.  And  while 
it  is  true  that  some  flowering  plants,  as  the  Strawberry, 
multiply  by  a  process  allied  to  gemmation,-  yet  this  is 
anything  but  characteristic  of  the  class.     A  leading  trait  of 
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these  highest  groups,  to  which  the  largest  members  of  the 
vegetal  kingdom  belong,  is  that  agamogenesis  has  so  far 
ceased  that  it  does  not  originate  independent  plants.  Though 
the  axes  which,  budding  one  out  of  another,  compose  a  tree, 
are  the  equivalents  of  asexuallj'-produced  individuals;  yet 
the  asexual  production  of  them  stops  short  of  separation. 
These  vast  integrations  arise  where  spontaneous  disintegra- 
tion,  and  the  multiplication  effected  by  it,  have  come  to  an 
end. 

Thus,  not  forgetting  that  certain  Phscnogams,  as  Begonia 
jyhf/llomaniaca,  revert  to  quite  primitive  modes  of  increase,  we 
may  hold  it  as  beyond  question  that  while  among  the  most 
minute  plants  asexual  multiplication  is  universal,  and  pro- 
duces enormous  numbers  in  short  periods,  it  becomes  step  by 
step  more  restricted  in  )*ange  and  frequency  as  we  advance  to 
Inrffo  and  compound  plants ;  and  disappears  so  generally 
from  the  largest,  that  its  occurrence  is  regarded  as  anomalous. 

§  336.  Parallel  examples  showing  the  inverse  variation  of 
growth  and  asexual  genesis  among  animals,  make  clear  the 
purely  quantitative  nature  of  this  relation  under  its  original 
form.  Of  the  Amoeba  it  is  said  that  "  when  a  large  variable 
process  has  been  shot  out  far  from  the  chief  mass  and  become 
enlarged  at  the  extremity,  the  expanded  end  retains  its  posi- 
tion, whilst  the  portion  connecting  it  with  the  body  becomes 
finer  and  finer  by  being  withdrawn  into  the. parent  mass, 
imtil  it  at  last  breaks  across,  leaving  a  detached  piece,  which 
immediately  on  its  own  account  shoots  out  processes,  and 
manifests  an  independent  existence.  This  phenomenon  is 
therefore  one  of  simple  detachment,  and  cannot  rightly  bo 
called  a  process  of  fission.''  But  it  shows  us,  nevertheless, 
how  the  primordial  form  of  multiplication  is  nothing  moro 
than  a  separation,  instead  of  a  continued  union,  of  the  grow- 
ing mass.  Among  the  Protozoa,  as  among  the 
Protophyta,  there  occurs  that  process  by  which  the  in- 
dividuality of  the  parent  is  wholly  lost  in  producing  offspring 
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general  truth  with  a  difierence.  In  the  smaller  members  the 
agamogenesis  is  incomplete,  and  in  the  larger  it  disappears. 
Each  sub-section  of  the  Moihtscoida  shows  us  this.  The  gemma- 
tion  of  the  minute  Polj/zoa,  though  it  does  not  end  in  the  sepa- 
ration of  the  young  individuals,  habitually  goes  to  the  extent 
of  producing  families  of  partially-independent  individuals ; 
but  their  near  allies  the  Brachiopoda,  which  immensely  exceed 
them  in  size,  are  solitary  and  not  gemmiparous.  So,  too,  is 
it  with  the  Ascidioida.  And  then  among  the .  true  AloUusca, 
including  all  the  largest  forms  belonging  to  this  sub-kingdom, 
no  such  thing  is  known  as  fission  or  gemmation. 

Take  next  the  Annuiosoy  including  under  this  title  the 
Annuloida.  When  treating  of  morphological  composition, 
reasons  were  given  for  the  l)clief  that  the  nnnuiose  aniaiui  is 
an  aggregate  of  the  third  order,  the  segments  of  which, 
produced  one  from  another  by  gemraatioii.  orig-innlly 
became  separate,  as  they  atill  become  in  the  cestoid 
Eniozoa;  but  that  by  progressive  integration,  or  arrested 
disintegration,  there  resulted  a  type  in  which  many  such 
segments  were  permanently  united  (§§  205-7).  Part  of  the 
evidence  there  assigned,  is  evidence  to  be  here  repeated  in 
illustration  of  the  direct  antagonism  of  Growth  and  Asexual- 
Qenesis.  We  saw  how,  among  the  lower  Annelids,  the  string 
^f  segments  produced  by  gemmation  presently  divides  trans- 
versely into  two  strings' ;  and  how,  in  some  cases,  this  resolu- 
:iou  of  the  elongating  string  of  segments  into  groups  that 
ire  to  form  separate  individuals,  goes  on  so  actively  that  as 
nany  as  six  groups  are  found  in  different  stages  of  progress 
;o  ultimate  independence — a  fact  implying  a  high  rate  of 
issiparous  multiplication.  Then  we  saw  that,  in  the  superior 
mnulose  types,  distinguished  in  the  mass  by  including  the 
arger  species,  fission  does  not  occur.  The  higher  Annelids 
lo  not  propagate  in  this  way ;  there  is  no  known  case  of  new 
ndividuals  being  so  formed  among  the  Mttnapofia ;  nor  do 
•he  Crustaceans  afford  us  a  single  instance  of  this  primordial 
node  of  increase.  It  is,  indeed,  true  that  while 
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Of  animal  aggregates  belonging  to  the  second  order,  that 
multiply  asexually  with  rapidity,  the  familiar  Polype? 
famish  conspicuous  examples.  By  gemmation  in  most 
cases,  in  other  cases  by  fission,  and  in  some  cases  by  both, 
the  agamogenesis  is  carried  on  among  these  tribes.  As 
shown  in  Fig.  148,  the  budding  of  young  ones  from  the 
parent  JBydra  is  carried  on  so  actively,  that  before  the  oldest 
of  them  is  cast  off  half-a-dozen  or  more  others  have  reached 
various  stages  of  growth ;  and  even  while  still  attached,  the 
first-formed  of  the  group  have  commenced  budding  out 
from  their  sides  a  second  generation  of  young  ones.  In  the 
Hydra  tuba  this  gemmiparous  multiplication  is  from  timo  to 
time  interrupted  by  a  transverse  splitting-up  of  the  body  into 
soi^ments,  which  successively  separate  and  swim  away:  the 
result  of  the  two  processes  being,  that  in  the  course  of  a 
season  there  are  produced  from  a  single  genn,  great  numbers 
of  vounor  Msdmm,  which  are  the  adult  or  sexual  forms  of  the 
species.  Respecting  Ccelenterate  animals  of  this  degree  of 
composition,  it  may  be  added  that  when  we  ascend  to  the 
larger  kinds  we  find  asexual  genesis  far  less  active. 
Though  comparisons  are  interfered  with  by  differences  of 
structure  and  mode  of  life,  yet  the  contrasts  are  too  striking 
to  have  their  meanings  much  obscured.  If,  for  instance,  we 
take  a  solitary  AcHnozoon  and  a  solitary  Hydrozoon,  we  sec 
that  the  relatively- great  bulk  of  the  first,  goes  along  with  u 
^relatively-slow  agamogenesis.  The  common  Sea-anemonc$ 
are  but  occasionally  observed  to  undergo  self-division :  their 
numbers  are  not  rapidly  increased  by  this  process.  A 
higher  class  of  secondary  aggregates  exemplifies  the  same 


obserred  fixed  to  the  glois  by  a  sheathed  pedicle ;  a  eiliary  motion  hecanv 
perceptible  at  the  top  of  the  balb ;  and  at  ten  it  had  diTided  longitndinall; 
into  two  buds,  each  supported  by  a  short  stalk.  The  ciliary  motion  eontiDue< 
in  the  centre  of  each  of  these  two  buds,  which  by  degrees  expanded  loogitudi 
nally,  and  at  twelre  had  become  four  buds.  By  four  in  the  afternoon,  thes 
four  buds  had  divided  in  like  manner  and  increased  to  nine,  with  an  elongatei 
footstalk,  and  interior  contractile  mnsele.' 
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general  truth  with  a  difference.  lu  the  smaller  members  the 
agamogenesis  is  incomplete,  and  in  the  larger  it  disappears. 
Each  snb-section  of  the  Molhtacaida  shows  us  this.  The  gemma- 
tion  of  the  minute  Polyzoa,  though  it  does  not  end  in  the  sepa- 
ration of  the  young  individuals,  habitually  goes  to  the  extent 
of  producing  families  of  partially-independent  individuals ; 
but  their  near  allies  the  Brachiopoda,  which  immensely  exceed 
them  in  size,  are  solitary  and  not  gemmiparous.  So,  too,  is 
it  with  the  Aacidloida,  And  then  among  the .  true  Moliusea, 
including  all  the  largest  forms  belonging  to  this  sub*king(.Iotn, 
no  such  thing  is  known  as  fission  or  gemmation. 

Take  next  the  Annuloaa^  including  under  t\n&  titio  tho 
Annuloida.  When  treating  of  morpiiological  composition, 
reasons  were  given  for  the  belief  that  the  nnnuiose  uuiuml  is 
an  aggregate  of  tho  third  order,  the  segments  of  which, 
produced  cue  from  another  by  gemmatioii.  ori^iniilly 
became  separate,  as  they  still  become  in  the  cestoid 
Entozoa;  but  that  by  progressive  integration,  or  arrested 
disintegration,  there  resulted  a  type  in  which  many  such 
segments  were  permanently  united  (§§  205-7).  Part  of  the 
evidence  there  assigned,  is  evidence  to  be  here  repeated  in 
illustration  of  the  direct  antagonism  of  Growth  and  Asexual- 
Qenesis.  We  saw  how,  among  the  lower  Annelids,  the  string 
3f  segments  produced  by  gemmation  presently  divides  trans- 
versely into  two  strings;  and  how,  in  some  cases,  this  rcsolu- 
:ion  of  the  elongating  string  of  segments  into  groups  that 
ire  to  form  separate  individuals,  goes  on  so  actively  that  as 
nany  as  six  groups  are  found  in  different  stages  of  progress  v  ^ 
:o  ultimate  independence — a  fact  implying  a  high  rate  of 
issiparous  multiplication.  Then  we  saw  that,  in  the  superior 
mnulose  types,  distinguished  in  the  mass  by  including  the 
arger  species,  fission  does  not  occur.  The  higher  Annelids 
lo  not  propagate  in  this  way ;  there  is  no  known  case  of  new 
ndividuals  being  so  formed  among  the  Mttriajxjada ;  nor  do 
•he  Crustaceans  afford  us  a  single  instance  of  this  primordial 
node  of  increase.  It  is,  indeed,  true  that  while 
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articulate  animals  never  multiply  asexually  after  this  simplest 
method,  and  while  they  are  characterized  in  the  mass  by  the 
cessation  of  agamogenesis  of  every  kind,  there  nevertheless 
occur  in  a  few  of  their  small  species,  those  higher  forms  of 
agamogenesis  known  as  parthenogenesis,  pseudo-partheno- 
genesis and  internal  metagenesis ;  and  that  by  these  some  of 
them  multiply  very  rapidly.  Hereafter  we  shall  find,  in  the 
interpretation  of  these  anomalies,  further  support  for  the 
general  doctrine. 

To  the  above  evidence  has  to  be  added  that  which  the 
Vertebrala  present.  This  may  be  very  briefly  summed  up. 
On  the  one  hand,  this  class,  whether  looked  at  in  the  aggre- 
gate or  in  its  particular  species,  immensely  exceeds  all  other 
classes  in  the  sizes  of  its  individuals ;  and  on  the  other  hand, 
agamogenesis  under  any  form  is  absolutely  unknown  in  it. 

§  337.  Such  are  a  few  leading  facts  serving  to  show  how 
deduction  is  inductively  verified,  in  so  far  as  the  anta- 
gonism between  Growth  and  Asexual  Genesis  is  con- 
cerned. In  whatever  way  we  explain  this  opposition  of 
the  integrative  and  disintegrative  processes,  the  facts  and 
their  implications  remain  the  same.  Indeed  we  need  not 
commit  ourselves  to  any  hypothesis  respecting  the  physical 
causation:  it  suffices  to  recognize  the  results  under  their 
most  general  aspects.  We  cannot  help  admitting  there  are 
at  work  these  two  antagonist  tendencies  to  aggregation  and 
separation ;  and  we  cannot  help  admitting  that  the  propor* 
tion  between  the  aggregative  and  separative  tendencies,  musf 
in  each  case  determine  the  relation  between  the  increase  io 
bulk  of  the  individual  and  the  increase  of  the  race  in  number. 

The  antithesis  is  as  manifest  d  poaieriari  as  it  is  neces* 
sary  d  priarL  While  the  minutest  organisms  multiply 
asexually  in  their  millions;  while  the  small  compounc 
types  next  above  them  thus  multiply  in  their  thousands 
while  larger  and  more  compound  types  thus  multiply  in  theii 
hundreds  and  their  tens;   the  largest  types  do  not  thui 
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multiply  at  all.  Conversely,  those  wbich  do  not  multiply 
asexually  at  all,  are  a  billion  or  a  million  times  the  size  of 
those  which  thus  multiply  with  greatest  rapidity ;  and  are  a 
thousand  times,  or  a  hundred  times,  or  ten  times  the  size  of 
those  which  thus  multiply  with  less  and  less  rapidity.  With- 
out saying  that  this  inverse  proportion  is  regular,  which,  as  we 
shall  hereafter  see,  it  cannot  be,  we  may  unhesitatingly  assert 
its  average  truth.  That  the  smallest  organisms  habitually 
reproduce  asexually  with  immense  rapidity  ;  that  the  largest 
ortranisms  never  reproduce  at  all  in  this  manner ;  and  that 
Dec  ween  these  extremes  there  is  a  general  decrease  of  asexual 
reproduction  alon<2^  with  an  increase  of  bulk;  arc  proposi- 
tions that  admit  of  no  dispute. 


CHAPTER  VI. 

ANTAGONTSM  BETWEEN  GHOWTH  AND  SEXUAL  OBNEfllS. 

§  33S.  In  80  far  as  it  is  a  process  of  separacioD,  sexnal 
genesis  is  like  asexual  genesis ;  and  is  therefore,  equally  with 
asexual  genesis,  opposed  to  that  aggregation  which  results  in 
growth-  Whether  a  deduction  is  made  from  one  parent  or 
from  two,  wii ether  it  is  made  from  any  part  of  the  body 
indifferently  or  from  a  specialized  part,  or  whether  it  is  made 
directly  or  indirectly,  it  remains  in  any  case  a  dedaction ; 
and  in  proportion  as  it  is  great,  or  frequent,  or  both,  it  must 
restrain  the  increase  of  the  individual. 

Here  we  have  to  group  together  the  leading  illustrations 
of  this  truth.  We  will  take  them  in  the  same  order  ac 
before. 

§  339.  The  lowest  vegetal  forms,  or  rather,  we  may  say. 
those  forms  which  we  cannot  class  as  either  distinctly  vegeta 
or  distinctly  animal,  show  ns  a  process  of  sexual  multiplica- 
tion that  differs  much  less  from  the  asexual  process  than  ii 
the  higher  forms.  The  common. character  which  distinguishe 
sexual  from  asexual  genesis,  is  that  the  mass  of  protoplasn 
whence  a  new  generation  is  to  arise,  has  been  produced  by  th* 
union  of  two  portions  of  matter  that  were  before  more  wideb 
separated.  I  use  this  general  expression,  because  among  th* 
simplest  Algce,  this  is  not  invariably  matter  supplied  V 
different  individuals:  certain  Diatofnace(B  exhibit  within  . 
single  cell,    the  formnlion  of  a  sporangium  by  a  drawinj 
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together  of  the  opposite  halves  of  the  endochrome  into  a 
ball.  Mostly^  however,  sporangia  are  products  of  conjoga* 
tion.  The  endochromes  of  two  cells  unito  to  form  the  germ* 
mass;  and  these  conjugating  cells  may  be  either  entirely 
independent,  as  in  many  DesmidMcea  and  in  the  Palmella;  or 
they  may  be  two  of  the  adjacent  cells  forming  a  thread,  as  in 
some  Conjugates ;  or  they  may  be  cells  belonging  to  adjacent 
threads,  as  in  Zygnenia.  But  whether  it  is  originated  by  a 
single  parent*cell,  or  by  two  parent*cells,  the  sporangium, 
after  remaining  quiescent  until  there  recur  the  fit  conditions 
for  growth,  breaks  up  into  a  multitude  of  spores,  each  of  which 
produces  an  individual  that  multiplies  asexuuily ;  and  the  fact 
here  to  be  noted  is,  that  as  the  entire  contents  of  the  parent- 
ceils  unite  to  form  the  sporangium,  their  iudividuulities  are  lost 
in  the  germs  of  a  new  generation.  In  these  minute  bunple 
*vpcs,  sexual  rronai^iirion  vist  as  comoletelv  sacrifices  the  life 
of  the  parent  or  parents,  as  does  that  form  of  asexual  propa- 
gation in  which  the  endochrome  resolves  itself  directly  into 
zoospores.  And  in  the  one  case  as  in  the  other,  this  sacrifice 
is  the  concomitant  of  a  prodigious  fertility.  Slightly 

in  advance  of  this,  but  still  showing  us  an  almost  equal  loss 
3f  parental  life  in  the  lives  of  offspring,  is  the  process  seen  in 
such  nnioeUular  Alg€B  as  Mydrogantrum^  and  in  minute  Fungi 
:>f  the  same  degree  of  composition.  These  exhibit  a  relatively- 
enormous  development  of  the  spore- prod uciog  part,  and  an 
ilmost  entire  absorption  of  the  parental  substance  into  it. 
kM  evidence  of  the  resulting  powers  of  multiplication,  we 
lave  bat  to  remember  that  the  spread  of  mould  over  stale 
x>od,  the  rapid  destruction  of  crops  by  mildew^  and  other 
dndred  oocurrenoea,  are  made  possible  by  the  incalculably 
lumerous  spores  thus  generated  and  universally  dispersed* 

Plants  a  degree  higher  in  composition,  supply  a  parallel 
eries  of  illustrations.  We  have  among  the  larger  Fungi,  in 
vhich  the  reproductive  apparatus  is  relatively  so  enormous  as 
o  constitute  the  ostensible  plant,  a  similar  subordination  of 
he  individual  to  the  race,  and  a  bi.uilarly-immeuse  fertility* 
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Thus,  as  quoted  by  Dr.  Carpenter,  Fries  says — "  ia  a  single 
iadividaal  o{  Rctieularia  maxima^  I  have  counted  (calculated  P) 
10,000,000  sporules/'  It  needs  but  to  note  the  clouds  of 
particles,  so  minute  as  to  look  like  smoke,  which  ripe  puflf- 
balls  give  off  when  they  are  burst,  and  then  to  remember 
that  each  particle  is  a  potential  fungus,  to  be  impressed  with 
the  almost  inconceivable  powers  of  propagation  which  these 
plants  possess.  The  Lichens,  too,  furnish  examples. 

Though  they  are  nothing  like  so  prolific  as  the  Fungi  (the 
difference  yielding,  as  wo  shall  hereafter  see,  further  support 
to  the  general  argument),  yet  there  is  a  great  production  of 
germs,  and  a  proportionate  sacrifice  of  the  parental  indi- 
viduality. Considerable  areas  of  the  frond  here  and  there 
develop  into  apoihecia  and  spcrniagonia^  which  resolve  them- 
selves into  sperm-cclls  and  germ-cells.  Some  con- 
trasts presented  by  the  higher  AIgm  may  also  be  named  as 
exemplifying  the  inverse  proportion  between  the  size  of  the 
individual  and  the  extent  of  the  generative  structures.  While 
in  the  smaller  kinds  relatively  large  portions  of  the  fronds  are 
transformed  into  reproductive  elements,  in  the  larger  kinds 
these  portions  are  relatively  small :  instance  the  MacrocyBtis 
pyrifera^  a  gigantic  sea-weed,  which  sometimes  attains  a 
length  of  1,500  feet,  of  which  Dr.  Carpenter  remarks — 
''  This  development  of  the  nutritive  surface  takes  place  at 
the  expense  of  the  fructifying  apparatus,  which  is  here  quite 
subordinate." 

When  we  turn  to  vegetal  aggregates  of  the  third  order  o} 
composition,  facts  having  the  same  meaning  are  conspicuous 
Oh  'the  average  these  higher  plants  are  far  larger  thai 
plants  of  a  lower  degree  of  composition ;  and  on  the  average 
their  rates  of  sexual  reproduction  are  far  less.  Similarly  if 
among  Acrogens,  Endogens,  and  Exogens,  we  compare  th( 
smaller  types  with  the  larger,  we  find  them  propordonateh 
more  prolific.  This  is  not  manifest  if  we  simply  calculati 
the  number  of  seeds  ripened  by  an  individual  in  a  singL 
season ;  but  it  becomes  manifest  if  we  take  into  account  thi 
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further  factor  which  here  complicates  the  result — the  age  at 
which  sexual  geuesis  commences.  The  smaller  Phsenogams 
are  mostly  either  annuals,  or  perennials  that  die  down 
annually;  and  seeding  as  they  do  annually  before  their 
deaths,  or  the  deaths  of  their  reproductive  parts,  it  results 
that  in  the  course  of  a  year,  each  gives  origin  to  a  multitude 
of  potential  plants,  of  which  every  one  may  the  next  year,  if 
preserved,  give  origin  to  an  equal  multitude.  Supposing  but 
a  hundred  offspring  to  be  produced  the  first  year,  ten 
thousand  may  be  produced  in  the  second  year,  a  million  in 
the  third,  a  hundred  millions  in  the  fourth.  Meanwhile, 
what  has  been  the  possible  multiplication  of  a  larqre  Pho)- 
no^am?  While  its  small  coni^'ener  has  been  seeding  and 
dying,  and  leaving  multitudinous  progeny  to  seed  and  die,  it 
has  simply  been  growing;  and  may  so  continue  to  grow  tor 
ten  or  u  dozen  ruars  without  bearinq"  fruit.  Before  a  Cocoa- 
nut  tree  has  ripened  its  first  cluster  of  nuts,  the  descendants 
of  a  wheat  plant,  supposing  them  all  to  survive  and  multiply, 
will  have  become  numerous  enough  to  occupy  the  whole 
surface  of  the  Earth.  So  that  though,  when  it  begins  to 
bear,  a  tree  may  annually  shed  as  many  seeds  as  a  herb,  yet 
in  consequence  of  this  delay  in  bearing,  its  fertility  is  incom- 
parably less;  and  its  relatively-small  fertility  becomes  still 
further  reduced  where,  as  in  Lodoicea  Sechellarnm^  the  seeds 
take  two  vears  from  the  date  of  fertilization  to  the  date  of 

m 

germination. 

§  340.  Some  observers  state  that  in  .certain  ProioMoa  there 
occurs  a  process  of  conjugation  akin  to  that  which  the 
Proiophyta  exhibit — a  coalescence  of  the  substance  of  two 
individuals  to  form  a  germ-mass.  This  has  been  alleged 
more  especially  of  Actinophryn.  The  statement  is  question- 
able ;  but  if  proved  true,  then  of  the  minute  forms  that 
appear  to  be  more  animal  than  vegetal  in  their  characters, 
some  have  a  mode  of  sexual  multiplication  by  which  the 
parents  are  sacrificed  bodily  in  the  production  of  a  new 
Vou  IL  10 
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generation.  A  modified  mode,  apparently  not  fatal  to  the 
parents,  has  been  observed  in  certain  of  the  more  developed 
Infusoria.  Oar  knowledge  of  these  microscopio  types  is, 
however,  so  rudimentary  that  evidence  derived  from  them 
must  be  taken  with  a  qualification. 

Among  small  animal  aggregates  of  the  second  order,  the 
firat  to  be  considered  are  of  course  the  CcBknieraia,  A  Hydra 
occasionally  devotes  a  large  part  of  its  substance  to  sexual 
genesis.  In  the  walls  of  its  body  groups  of  ova,  or  sperma- 
tozoa, or  both,  take  their  rise;  and  develop  into  masses 
greatly  distorting  the  creature's  form,  and  leaving  it  greatly 
diminished  when  they  escape.  Here,  however,  gamogenesis  is 
obviously  supplementary  to  agamogenesis — the  immensely 
rapid  multiplication  by  budding  continues  as  long  as  food  is 
abundant  and  warmth  sufficient,  and  is  replaced  by  ganio- 
;2:enesis  onlv  at  tho  close  of  the  season.  A  better 

example  of  the  relation  between  small  size  and  active  gamo- 
genesis is  supplied  by  the  Planaria,  which  does  not  multiply 
asexually  with  so  much  rapidity.  The  generative  system  is 
here  enormous.  Ova  are  developed  all  through  the  body, 
occupying  everywhere  the  interspaces  of  the  assimilative 
system ;  so  that  the  animal  may  bo  said  to  consist  of  a  part 
that  absorbs  nutriment  and  a  part  that  transforms  that  nutri- 
ment into  sperm-cells  and  germ-cells.  Even  saying  nothing 
of  the  probably-early  maturity  of  these  animals,  and  there- 
fore frequent  repetition  of  sexual  multiplication,  it  is  clear 
that  their  fertility  must  be  very  great. 

The  Annulasa,  including  among  them  the  inferior  kindred 
types,  have  habits  and  conditions  of  life  so  various  that  only 
the  broadest  contrasts  can  be  instanced  in  support  of  the  pro- 
position before  us.  Of  the  microscopic  forms  belonging  to 
this  sub-kingdom,  the  Rotifcra  may  be  named  as  having, 
along  with  small  bulk,  a  great  rate  of  sexual  increase.  Hyda* 
Una  seuta  "  is  capable  of  a  four- fold  propagation  every  twenty- 
four  or  thirty-hours,  bringing  forth  in  this  time  four  ova, 
which  grow  from  the  embryo  to  matuiit}*,  and  exclude  theit 
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ferLile  ova  in  the  same  period.  The  same  individual,  pro- 
ducing in  ten  days  forty  eggs,  developed  with  the  rapidity 
above  cited,  this  rate,  raised  to  the  tenth  power,  gives  one 
million  of  individuals  from  one  parent,  on  the  eleventh  day 
four  millions,  and  on  the  twelfth  day  sixteen  millions,  and  so 
on."  Ascending  from  this  extreme,  the  differences 

of  organization  and  activity  greatly  complicate  the  inverse 
variation  of  fertility  and  bulk.  Bearing  in  mind,  how- 
ever, that  the  rate  of  multiplication  depends  much  less  on  the 
number  of.  each  brood  than  on  the  quickness  with  which 
maturity  is  reached  and  a  new  generation  commenced,  it  will 
be  obvious  that  though  Annelids  produce  great  numbers  of 
ova,  yet  as  they  do  this  at  comparatively  long  intervals,  their 
rates  of  increase  fall  immensely  below  that  jusc  instanced  iti 
the  Rotifers.  And  when  at  the  other  extreme  we  come  to 
the  large  articulate  animals,  such  as  the  Cnib  and  tho  Lobster, 
the  further  diminution  of  fertilitv  is  seen  iu  the  still  lonq-er 
delay  that  occurs  before  each  new  generation  begins  to  re- 
produce. 

Perhaps  the  best  examples  are  supplied  by  vertebrate 
animals,  and  especially  those  that  are  most  familiar  to  us. 
Comparisons  between  Fishes  are  unsatisfactory,  because  of 
our  ignorance  of  their  histories.  In  some  cases  Fishes  equal 
in  bulk  produce  widely  different  numbers  of  eggi ;  as  tho 
Cod  which  spawns  a  million  at  once,  and  tho  iSalraon  by 
wh}ch  nothing  like  so  great  a  number  is  spawned.  But  then 
the  eggs  are  very  unlike  in  size  ;  and  if  the  ovaria  of  the  two 
fishes  be  compared,  the  difference  between  their  masses  is 
comparatively  moderate.  There  are,  indeed,  contrasts  which 
seem  at  variance  with  the  alleged  relation ;  as  that  between 
the  Cod  and  the  Stickleback,  which,  though  so  much  smaller, 
produces  fewer  ova.  The  Stickleback's  ova,  however,  ure 
relatively  large ;  and  their  total  bulk  bears  as  great  a  ratio  to 
the  bulk  of  the  Stickleback  as  does  the  bulk  of  the  Cod's  ova 
to  that  of  the  Cod.  Moreover,  if,  as  is  not  improbable,  the 
reproductive  age  is  arrived  at  earlier  by  the  Stickleback  than 
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by  the  Codi  the  fertility  of  the  species  may  oe  greater  not* 
withstanding  the  smaller  number  produced  by  each  indi- 
vidual. Evidence  that  admits  of  being  tolerably 
well  disentangled  is  furnished  by  Birds.  They  differ  but 
little  in  their  grades  of  organization;  and  the  habits  of  life 
throughout  extensive  groups  of  them  are  so  similar,  thiit 
comparisons  may  be  fairly  made.  It  is  true  that,  as  hereafter 
to  l>e  shown,  the  differences  of  expenditure  which  differences 
of  bulk  entail,  have  doubtless  much  to  do  with  the  differences 
of  fertilitv.  Bufr  we  may  set  dovra  under  the  present  head 
some  of  those  cases  in  which  the  activity,  being  relatively 
slight,  does  not  greatly  interfere  with  the  relation  we  are 
considering;  and  may  note  that  among  such  birds  having 
similarly  slight  activities,  the  small  produce  more  ei^gs  than 
the  large,  and  eggs  that  bear  in  their  total  mass  a  greater 
ratio  to  the  mass  of  the  parent.  CousiJcr,  for  exanipie,  the 
gallinaceous  birds;  which  are  like  one  another  and  unlike 
birds  of  most  other  groups  in  flying  comparatively  little. 
Taking  first  the  wild  members  of  this  order,  which  rarely  breed 
more  than  once  in  a  season,  we  find  that  the  Pheasant  has 
from  6  to  10  eggs,  the  Black-cock  from  5  to  10,  the  Grouse 
8  to  12,  the  Partridge  10  to  15,  the  Quail  still  more,  some-* 
times  reaching  20.  Here  the  only  exception  to  the  relation 
between  decreasing  bulk  and  increasing  number  of  eggs, 
occurs  in  the  cases  of  the  Pheasant  and  the  Black-cock ;  and 
it  is  to  be  remembered,  in  explanation,  that  the  Pheasant 
inhabits  a  warmer  region  and  is  better  fed— often  artificially. 
If  we  pass  to  domesticated  genera  of  the  same  order,  we 
meet '  with  parallel  differences.  JB*rom  the  numbers  of  eggs 
laid,  little  can  be  inferred ;  for  under  the  favourable  con- 
ditions artificially  maintained,  the  laying  is  carried  on  inde- 
finitely. But  though  in  the  sizes  of  their  broods  the  Turkey 
and  the  Fowl  do  not  greatly  differ,  the  Fowl  begins  breeding 
at  a  much  earlier  age  than  the  Turkey,  and  produces 
broods  more  frequently :  a  considerably  higher  rate  of 
multiplication    being    the    result.      Now     these    contrasts 
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among  domestic  creatures  tbat  are  similarly  coDditioncd, 
and  closely -allied  by  constitution,  may  be  held  to  show, 
more  clearly  than  most  other  contrasts,  the  inverse  varia- 
tion between  bulk  and  sexual  genesis ;  since  here  the 
cost  of  activity  is  diminished  to  a  comparatively  small 
amount.  There  is  little  expenditure  in  flight — sometimes 
almost  none;  and  the  expenditure  in  walking  about  is 
,  not  great:  there  is  more  of  standing  than  of  actual 
movement  It  is  true  that  young  Turkeys  commence 
their  existences  as  larger  masses  than  chickens ;  but  it  is 
tolerably  manifest  that  the  total  weight  of  the  eggs  produced 
by  a  Turkey  during  each  season,  bears  a  less  ratio  to  the 
Turkey's  weight,  than  the  total  weight  of  the  eggs  which  a 
Hen  produces  during  each  season,  bears  to  the  lien's  weight ; 
und  this  is  the  fairest  way  of  making  the  comparison.  The 
comparison  so  made  shows  a  greater  didcrencc  than  appears 
likclv  to  be  due  to  the  diiierent  cosis  ot  lucomoiion ;  cou- 

ml  ' 

sidering  the  inertness  of  the  creatures.  Remembering  that 
the  assimilating  surface  increases  only  as  the  squares  of  the 
dimensions,  while  the  mass  of  the  fabric  to  be  built  up  by  the 
absorbed  nutriment  increases  as  the  cubes  of  the  dimensions, 
'it  will  be  seen  that  the  expense  of  growth  becomes  relatively 
greater  with  each  increment  of  size ;  and  that  hence,  of  two 
similar  creatures  commencing  life  with  diflferent  sizes,  the 
larger  one  in  reaching  its  superior  adult  bulk,  will  do  this  at 
a  more  than  proportionate  expense ;  and  so  will  either  be 
delayed  in  commencing  its  reproduction,  or  will  have  a 
diminished  reserve  for  reproduction,  or  both.  Other  orders 
of  Birds,  active  in  their  habits,  show  more  markedly  the  con- 
nexion between  augmenting  mass  and  declining  fertility. 
But  in  them  the  increasing  cost  of  locomotion  becomes  an 
important,  and  probably  the  most  important,  factor.  The 
evidence  they  furnish  will  therefore  come  better  under 
another  head.  Contrasts  among  Mammals,   like 

those  which  Birds  present,  have  their  meanings  obscured  by 
inequalities  of  the   expenditure  for  motion.      The  smaller 
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fertility  which  habitually  accompanies  greater  bulk,  must 
in  all  cases  be  partly  ascribed  to  this.  Still,  it  may  be 
well  if  we  briefly  note,  for  as  much  as  they  are  worth, 
the  broader  contrasts.  While  a  large  Mammal  bears  but 
a  single  young  one  at  a  time,  is  several  years  before  it 
commences  doing  this,  and  then  repeats  the  reproduction  at 
long  intervals ;  we  find,  as  we  descend  to  the  smaller  mem- 
bers of  the  class,  a  very  early  commencement  of  breeding,  an 
increasing  number  at  a  birth,  reaching  in  small  Rodents  to 
10  or  even  more,  and  a  much  more  frequent  recurrence  of 
broods:  the  combined  result  being  a  relatively  prodigious 
fertility.  If  a  specific  comparison  be  desired  between 
Mammals  that  nre  similar  in  constitution,  in  food,  in  con- 
ditions of  life,  and  all  other  thing^j  but  size,  the  Deer-tribe 
sunplles  it.  While  the  lavs^  Red-deer  has  but  one  at  a 
l)Iri!i,  the  Miiall  Roe-Jeer  Las  two  at  a  birth. 

§  341.  The  antagonism  between  growth  and  sexual  genesis, 
visible  in  these  general  contrasts,  may  also  be  traced  in  the 
history  of  each  plant  and  animal.  So  familiar  is  the  fact 
that  sexual  genesis  does  not  occur  early  in  life,  and  in  all 
organisms  which  expend  much  begins  only  when  the  limit  of* 
size  is  nearly  reached,  that  wo  do  not  sufficiently  note  its 
significance.  It  is  a  general  physiological  truth,  however, 
that  while  the  building-up  of  the  individual  is  going  on 
rapidly,  the  reproductive  organs  remain  imperfectly  developed 
and  inactive ;  and  that  the  commencement  of  reproduction 
at  once  indicates  a  declining  rate  of  growth,  and  becomes  a 
cause'  of  arresting  growth.  As  was  shown  in  §  78,  the  ex- 
ceptions to  this  rule  are  found  where  the  limit  of  growth  is 
indefinite ;  either  because  the  organism  expends  little  or 
nothing  in  action,  or  expends  in  action  so  moderate  an 
amount  that  the  supply  of  nutriment  is  never  equilibrated 
by  its  expenditure. 

We  will  pass  over  the  inferior  plants,  and  limiting  our- 
selves to  Phsenogams,  will  not  dwell  on  the  less  conspicu^ 
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0U8  evidonce  which  the  smaller  types  present.     A  few  co^es 
such  as  gardens  supply  will  serve.    All  know  that  a  Pear- 
tree  continues  to  increase  in  size  for  years  before  it  begins  to 
bear ;  and  that,  producing  but  few  pears  at  firsts  it  is  long 
before  it  fruits  abundantly.     A  young  Mulberry,  branch- 
ing   out    luxuriantly    season    after     season,    but    covered 
with  nothing  but  leaves,  at  length  blossoms  sparingly,  and 
%ts  some  small  and  imperfect  berries,  which  it  drops  while 
they  are  green ;  and  it  makes  these  futile  attempts  time  after 
time  before  it  succeeds  in  ripening  any  seeds.     But  theso 
multi-axial   plants,   or   aggregates   of    individuals   some  of 
which  contiuuo  to  grow  while  others  become  arrested  and 
transformed  into  seed-bearers,  show  us  the  relation  less  de- 
finitely than  certain  plants   that  are  substantially,    if    not 
litcrallv,    uni-axial.      Of  these   the  Cocoa-nut   mav   be    in- 
'.^tanccfi.     For  some   years  it  rjoes  on  shooting  up  without 
making  any  sign  of  becoming  fertile.     About  the  bixih  year 
it  flowers ;  but  the  flowers  wither  without  result.     In  the 
seventh  year  it  flowers  and  produces  a  few  nuts ;  but  these 
|>rove  abortive  and  drop.     In  the  eighth  year  it  ripens  a 
moderate  number  of  nuts;    and  afterwards  increases  the 
number  until,  in  the  tenth  year,  it  comes  into  full  bearing. 
Meanwhile,  from  the  time  of  its  first  flowering  its  growth 
begins  to  diminish,  and  goes  on  diminishing  till  the  tenth 
year,  when  it  ceases.     Here  we  see  the  antagonism  between 
growth  and  sexual  genesis  under  both  its  aspects — see   a 
struggle  between  self-evolution  and  race- evolution,  in  which 
the  first  for  a  time  overcomes  the  last,  and  the  last  ultimately 
overcomes  the  first.     The  continued  aggrandisement  of  the 
parent-individual  makes  abortive  for  two  seasons  the  tendency 
to  produce  new  individuals;  and  the  tendency  to  produce 
new  individuals,  becoming  more  decided,  stops  any  further 
aggrandisement  of  the  parent-individual: 

Parallel  illustrations  occur  in  the  animal  kingdom.  The 
eggs  laid  by  a  pullet  are  relatively  small  and  few.  Similarly, 
it  is  alleged  that,  as  a  general  rule,  "  a  bitch  has  fewer 
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puppies  at  first,  than  afterwards/'  According  to  Bardach, 
as  quoted  by  Dr.  Duncan,  *'  the  elk,  the  bear,  &c.,  have  at 
first  only  a  single  young  one,  then  they  come  to  have  most 
frequently  two,  and  at  last  again  only  one.  The  young 
hamster  produces  only  from  three  to  six  young  ones,  whilst 
that  of  a  more  advanced  age  produces  from  eight  to  sixteen. 
The  same  is  true  of  the  pig/'  It  is  remarked  by  Bufibn  that 
when  a  sow  of  less  than  a  year  old  has  young,  the  number  of 
the  litter  is  small,  and  its  members  are  feeble  and  even  im« 
perfect.  Here  we  have  evidence  that  in  animals  growth 
checks  sexual  genesis.  And  then,  conversely,  we  have 
evidence  that  sexual  genesis  checks  growth.  It  is  well 
known  to  breeders  that  if  a  filly  is  allowed  to  bear  a  foal, 
she  is  thereby  prevented  from  reaching  her  proper  size.  And 
a  like  loss  of  perfection  as  an  individual,  is  suffered  by  a 
cow  that  breeds  too  earl  v. 

§  342.  iXotwithstanding  the  way  in  which  the  inverse 
variation  of  growth  and  sexual  genesis  is  complicated  with 
other  relations,  its  existence  is  thus,  I  think,  sufficiently  mani- 
fest. Individually,  many  of  the  foregoing  instances  are  open 
to  criticism,  and  have  to  be  taken  with  qualifications ;  but 
when  looked  at  in  the  mass,  their  meaning  is  beyond  doubt. 
Comparisons  between  the  largest  with  the  smallest  types, 
whether  vegetal  or  animal,  yield  results  that  are  unmis- 
tukeable.  On  the  one  hand,  remembering  the  fact  that 
during  its  centuries  of  life  an  Oak  does  not  produce  as  many 
acorns  as  a  Fungus  does  spores  in  a  single  night,  we  see  that 
the  Fungus  has  d  fertility  exceeding  that  of  the  Oak  in  a  de- 
gree literally  beyond  our  powers  of  calculation  or  imagina- 
tion. When,  on  the  other  hand,  taking  a  microscopic 
protophyte  which  has  millions  of  descendants  in  a  few  da}'8| 
we  ask  how  many  such  would  be  required  to  build  up  the 
forest  tree  that  is  years  before  it  drops  a  seed,  we  are  met 
by  a  parallel  difficulty  in  conceiving  the  number,  if  not  in 
setting  it  down.     Similarly,  if  we  turn  from  the  minute  and 
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prodigiously- fertile  Rotifer,  to  theElephant,  which  approaches 
thirty  years  before  it  bears  a  solitary  young  one,  we  find  the 
connexions  between  small  size  and  great  fertility  and  between 
great  size  and  small  fertility,  too  intensely  marked  to  be 
much  disguised  by  the  perturbing  relations  that  have  been 
indicated.  Finally,  as  this  induction,  reached  by  a  survey  of 
organisms  in  general,  is  verified  by  observations  on  the  rela- 
tion between  decreasing  growth  and  commencing  reproduc- 
tion in  individual  organisms,  we  may,  I  think,  consider  the 
alleged  antagonism  as  proved.* 

*  When,  after  having  held  for  some  years  the  general  doctrine  elaborated  in 
these  chapters,  I  agreed,  early  in  1852,  to  prepare  an  outJine  of  it  for  the  IVesl- 
mijisier  Review,  I  consulted,  among  other  works,  the  jusC-issued  third  edition 
of  Dr.  CuT^ntoT  a  Principles  of  Physiology,  ttcncraltntd  Comparative — seeking 
in  it  for  facts  illustrating  the  different  degrees  of  fertility  of  ditferent  organisms. 

• 

1  mot  with  a  passage,  quoted  above  in  §  339,  which  seemed  tacitly  to  assert 
tiiat  individual  aggrandizement  is  ac  variance  wiih  tiie  propagation  oi  the  race ; 
but  nowhere  found  a  distinct  enonciation  of  this  trutk  1  did  not  then  read 
the  Chapter  entitled  ''General  Yiew  of  the  Functions,"  which  held  out 
no  promise  of  such  evidence  as  I  was  looking  for.  But  on  since  re/erring  to 
this  chapter,  I  discovered  in  it  the  definite  statement  that — "there  is  a  certain 
degree  of  antagonism  between  the  Nutritive  and  Keproductive  functions,  the 
one  being  executed  at  the  expense  of  the  other.  The  reproductive  apparatus 
derives  the  materials  of  its  operations  through  the  niitritivo  system,  and 
is  entirely  dependent  upon  it  for  the  oonttnnance  of  its  toction.  If,  there- 
fore, it  be  in  a  state  of  excessive  activity,  it  will  necessarily  draw  off  from  the 
individuiil  fabric  some  portion  of  the  aliment  destined  for  its  maintenance. 
It  may  be  universally  observed  that,  when  the  nutritive  functions  are 
particularly  active  in  supporting  the  individucUf  the  reproductive  system  is  in 
1  corresponding  degree  nndeveloped, — and  \rie$  ver9d," —Prineiples  qf  Phy^ 
fiplogy,  General  and  CcmpanUivef  Third  Edition,  1851,  p.  592* 


CHAPTER  VIL 


THE    ANTAGONISM    BETWEEN   DEVELOPMENT   AND   GENESIS, 

ASEXUAL  AND  SEXUAI^ 


§  343.  By  Development,  as  here  to  be  dealt  with  apart 
from  Growth,  is  meant  increase  of  structure  as  distinguished 
from  increase  of  mass.  As  was  pointed  out  in  "^  50,  this  is 
iho  biological  dehnition  of  the  word.  In  the  following 
sections,  then,  we  have  to  note  how  complezitj  of  organiza- 
tion is  hindered  by  reproductive  activity,  and  conversely. 

This  relation  partially  coincides  with  that  which  wo  have 
just  contemplated ;  for,  as  was  shown  in  §  44,  degree  ol 
growth  is  to  a  considerable  extent  dependent  on  degree  oi 
organization.  But  while  the  antagonism  to  be  illustrated  in 
this  chapter,  is  much  entangled  with  that  illustrated  in  the 
last  chapter,  it  may  be  so  far  separated  as  to  be  identified  as 
an  additional  antagonism. 

Besides  the  direct  opposition  between  that  continual  dis* 
integration  which  rapid  genesis  implies,  and  the  fulfilment  oi 
that.pre-requisite  to  extensive  organization — the  formation  oi 
an  extensive  aggregate,  there  is  an  indirect  opposition  which 
we  may  recognize  under  several  aspects.  The  chang€ 

from  homogeneity  to  heterogeneity  takes  time ;  and  time  taken 
in  transforming  a  relatively-structureless  mass  into  a  de- 
veloped individual,  delays  the  period  of  reproduction.  Usuallj 
this  time  is  merged  in  that  taken  for  growth ;  but  certaic 
cases  of  metamorphosis  show  us  the  one  separate  from  the 
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other.  An  insect,  passing  from  its  lowly- organized  cater- 
pillar-stage into  that  of  chrysalis^  is  afterwards  a  week,  a  fort- 
nighty  or  a  longer  period  in  completing  its  structure :  the  re- 
commencement of  genesis  being  by  so  much  postponed,  and 
the  rate  of  multiplication  therefore  diminished.  Further,  that 
re-arraugement  of  substance  which  development  implies,  en- 
tails expenditure.  The  chrysalis  loses  weight  in  the  course 
of  its  transformation ;  and  that  its  loss  is  not  loss  of  water 
only,  may  be  inferred  from  the  fact  that  it  respires,  and  that 
respiration  indicates  consumption.  Clearly  the  matter  con- 
sumed, is,  other  things  equal,  a  deduction  from  the  surplus 
that    may   go   to    reproduction.  Yet  again,    tiie 

more  widely  und  completely  an  organic  mass  becomes  diffe- 
rentiated, tiie  smaller  the  portion  ot*  it  which  retains  the  re- 
lativclv-uuditl'ereutiated  &>tu(e  thut  admits  of  being;  moulded 
into  new  individuals,  or  the  germs  of  them.  Protoplasm 
which  has  become  specialized  tissue,  cannot  be  again 
generalized,  and  afterwards  transformed  into  something  else ; 
and  hence  the  progress  of  structure  in  an  organism,  by 
diminishing  the  unstructured  part,  diminishes  the  amount 
available  for  making  offspring. 

It  is  true  that  higher  structurci  like  greater  growth,  may 
insure  to  a  species  advantages  that  eventually  further  its  mul- 
tiplication— may  give  it  access  to  larger  supplies  of  food,  or 
enable  it  to  obtain  food  more  economicallv ;  and  we  shall 
hereafter  see  how  the  inverse  variation  we  are  considering  is 
thus  qualified.  But  here  we  are  concerned  only  with  the 
necessary  and  direct  effects;  not  with  those  that  are  con- 
tingent and  remote.  These  necessary  and  direct  effects  wo 
will  now  look  at  as  exemplified. 

§  344.  Speaking  generally,  the  simpler  plants  propagate 
both  sexually  and  asexually;  and,  speaking  comparatively, 
the  complex  plants  propagate  only  sexually :  their  asexual 
propagation  is  usually  incomplete — ^produces  a  iinited  aggre- 
gate of  individuals  instead  of  numerous  distinct  individuals 
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The  Frotophytes  that  perpetually  subdlTide,  the  merol}"* 
cellular  Algcs  that  shed  their  tetraspores,  the  Acrogens  that 
spontaneously  separate  their  fronds  and  drop  their  gemtno), 
show  us  an  extra  mode  of  multiplication  which,  among  flower- 
ing plants,  is  exceptional.  This  extra  mode  of  multiplication 
among  these  simpler  plants,  is  made  easy  by  their  low  de- 
velopment. Tetraspores  arise  only  where  the  frond  consists 
of  untransformed  cells ;  gemmsB  bud  out  and  drop  off  only 
where  the  tissue  is  comparatively  homogeneous. 

Should  it  be  said  that  this  is  but  another  aspect  of  the 
antagonism  already  set  forth,  since  these  undeveloped  forms 
are  also  the  smaller  forms ;  the  reply  is  that  though  in  part 
true,  this  is  not  wholly  true.  Various  marine  Af(/(B  which 
propagate  asexually,  arc  larger  than  some  Phosnognms  which 
do  not  thus  propagate.  The  objection  that  difference  of 
medium  vitiates  this  comparison,  is  met  by  the  fact  that  it  is 
the  same  among  land -plants  themselves.  ISundry  of  the 
lowly- organized  Liverworts  that  are  habitually  gemmiparous, 
exceed  in  size  many  flowering  plants.  And  the  Ferns  show 
us  agamic  multiplication  occurring  in  plants  which,  while 
they  are  inferior  in  complexity  of  structure,  are  superior  in 
bulk  to  a  great  proportion  of  annual  Endogens  and  Exogens. 

§  345.  In  the  ability  of  the  lowly-organized,  or  almost 
unorganized,  sarcode  of  a  Sponge,  to  transform  itself  into 
multitudes  of  gemmules,  we  have  an  instance  of  this  same 
direct  relation  in  the  animal  kingdom.  Moreover,  the 
instance  yields  very  distinct  proof  of  an  antagonism  between 
development  and  genesis,  independent  of  the  antagonism 
between  growth  and  genesis;  for  the  Sponge  which  thus 
multiplies  itself  asexually,  as  well  as  sexually,  is  far  larger 
than  hosts  of  more  complex  animals  which  do  not  multiply 
asexually. 

Once  again  may  be  cited  the  creature  so  often  brought  in 
evidence,  the  Hydra ^  us  showing  us  how  rapidity  of  agamic 
propagation  is  associated  with  inferiority  of  structure.     Its 
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power  to  produce  young  ones  from  nearly  all  parts  of  its 
body^  is  due  to  the  comparative  homogeneity  of  its  body.  In 
kindred  but  more-organized  types,  the  gcmmiparity  is 
greatly  restricted,  or  disappears.  Among  the  free-swimming 
Htjdrazoa^  multiplication  by  budding,  when  it  occurs  at  all, 
occurs  only  at  special  places.  That  increase  of  structure 
upart  from  increase  of  size,  is  here  a  cause  of  declining  agamo- 
genesis,  we  may  see  in  the  contrast  between  the  simple  and 
the  compound  Hijdroida;  which  last,  along  with  more* 
differentiated  tissues,  show  us  a  gemmation  which  does  not 
go  on  all  over  the  body  of  each  polype,  and  much  of  which 
docs  not  end  in  separation. 

It  is,  however,  among  the  Annnlosa  that  progressing 
organization  is  most  conspicuously  operative  in  diminishing 
ugumogenesis.  The  segments  or  "  somites ''  that  compose  an 
animal  beloniring  to  this  class,  are  primordially  alike ;  and, 
as  before  argued  (gij  205-7),  are  probably  the  homoiogues  of 
what  were  originally  independent  individuals.  The  progress 
from  the  lower  to  the  higher  tjrpes  of  the  class,  is  at  once  a 
progress  towards  types  in  which  the  strings  of  segments  cease 
to  undergo  subdivision,  and  towards  types  in  which  the  seg* 
ments,  no  longer  alike  in  their  structures  and  functions,  have 
become  physiologically  integrated  or  mutually  dependent. 
Already  this  group  of  cases  has  been  named  as  illustrating 
the  antagonism  between  growth  and  asexual  genesis ;  but  it 
is  proper  also  to  name  it  here ;  since,  on  the  one  hand,  tlie 
greater  size  due  to  the  ceasing  of  fission,  is  made  possible  only 
by  the  specialization  of  parts  and  the  development  of  a  co- 
ordinating apparatus  to  combine  their  actions,  andBince-,  on 
the  other  hand,  specialization^and  co-ordination  can  advance 
only  in  proportion  as  fission  ceases. 

§  346.  The  inverse  variation  of  development  and  sexual 
genesis  is  by  no  means  easy  to  follow.  One  or  two  facts  indi- 
cative of  it  may,  however,  be  named. 

Fhacnogams  that  have  but  little   supporting  tissue   may 
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fairly  be  classed  as  structurally  inferior  to  those  provided  mth 
stems  formed  of  woody  fibres ;  for  these  imply  additional  dif- 
ferentiations, and  constitute  wider  departures  from  the  primi- 
tive type  of  vegetal  tissue.  That  the  concomitant  of  this 
higher  organization  is  a  slower  gamogenesis,  scarcely  needs 
pointing  out.  While  the  herbaceous  annual  is  blossoming 
and  ripening  seed,  the  young  tree  is  transforming  its  ori* 
ginally-succulent  axis  into  dense  fibrous  substance ;  and  year 
by  year  the  young  tree  expends  in  doing  the  like,  nutriment 
which  successive  generations  of  the  annual  expend  in  fruit. 
Here  the  inverse  relation  is  between  sexual  reproduction  and 
complexity,  and  not  between  sexual  reproduction  and  bulk 
seeing  that  besides  seeding,  the  annual  often  grows  to  a  size 
"■reater  than  that  reached  bv  the  voung:  infertile  tree  in 
several  vears. 

Proof  of  the  antagonism  between  complexity  and  gamo- 
geuesis  in  animul;),  is  still  more  di£Scult  to  disentangle.  Per- 
haps the  evidence  most  to  the  poinc  is  furnished  by  the  contrast 
between  Man  and  certain  other  Mammals  approaching  to  him 
in  mass.  To  compare  him  with  the  domestic  Sheep,  which, 
though  not  very  unlike  in  size,  is  relatively  prolific,  is  objec- 
jectionable  because  of  the  relative  inactivity  of  Sheep ;  and 
this,  too,  may  be  alleged  as  a  reason  why  the  Ox,  though  far 
more  bulky,  is  also  far  more  fertile,  than  Man.  Further, 
against  a  comparison  with  the  Horse,  which,  while  both  larger 
and  more  prolific,  is  tolerably  active,  it  may  be  urged  that,  in 
his  case,  and  the  cases  of  herbivorous  creatures  generally,  the 
small  exertion  required  to  procure  food,  joined  with  the  great 
ratio  borne  by  the  assimilative  organs  to  the  organs  they  have 
to  build  up  and  repair,  vitiates  the  result.  We  may,  however, 
fairly  draw  a  parallel  between  Man  and  a  large  carnivore.  The 
Lion,  superior  in  size,  and  perhaps  equal  in  activity,  has  a 
digestive  system  not  proportionately  greater;  and  yet  has  a 
higher  rate  of  multiplication  than  Man.  Here  the  only  de- 
cided want  of  parity,  besides  that  of  organization,  is  that  of 
food.     Possibly  a  carnivore  gains  an  advantage  in  having  a 
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surplus  nutriment  consisting;  almost  wholly  of  those  nitro- 
genous  materials  from  which  the  bodies  of  young  ones  are 
mainly  formed.  But,  allowing  for  all  other  differences,  it 
appears  not  improbable  that  the  smallness  of  human  fertility 
compared  with  the  fertility  of  large  feline  animals,  is  due  to 
the  greater  complexity  of  the  human  organization — more 
especially  the  organization  of  th&  nervous  system.  Taking 
degree  of  nervous  organization  as  the  chief  correlative  of 
mental  capacity  ;  and  remembering  the  physiological  cost  of 
that  discipline  whereby  high  mental  capacity  is  reached ;  we 
may  suspect  that  nervous  organization  is  very  expensive  :  the 
inference  being  that  bringing  it  up  to  the  level  it  reaches  in 
Man,  whose  digestive  system,  by  no  means  large,  has  at  tlie 
same  time  to  supply  materials  for  general  growth  and  daily 
waste,  involves  a  great  retardation  of  maturity  and  sexual 
genesis. 


CHAPTER  Vm. 

ANTAGONISM   BETWEEN   EXPENDITURE  AND   GENESIS. 

§  347.  ITnder  this  head  we  have  to  set  down  no  eridence 
derived  from  the  vegetal  kingdom.  Plants  are  not  expanders 
of  force  in  such  degrees  as  to  affect  the  general  relations  with 
which  we  are  dealing.  They  have  not  to  maintain  a  heat 
above  that  of  their  environment ;  nor  have  they  to  generate 
motion ;  and  hence  consumption  for  these  two  purposes  doc3 
not  diminish  the  stock  of  material  that  serves  on  the  one 
hand  for  growth  ond  on  the  other  hand  for  propagation. 

It  will  be  well,  too,  if  we  pass  over  the  lower  animals : 
especially  those  aquatic  ones  which,  being  nearly  of  the 
same  temperature  as  the  water,  and  nearly  of  the  same 
specific  gravity,  Ipse  but  little  in  evolving  motion,  sensible 
and  insensible.  A  further  reason  for  excluding  from  con- 
sideration these  inferior  types,  is,  that  we  do  not  know  enough 
of  their  rates  of  genesis  to  permit  of  our  making,  with  any 
satisfaction,  those  involved  cotnparisons  here  to  be  entered 
upon. 

The  facts  on  which  we  must  mainly  depend  are  those  to  be 
gather^  from  terrestrial  animals;  and  chiefly  from  those 
higher  classes  of  them  which  are  at  the  same  time  great 
expenders  and  have  rates  of  multiplication  about  which  our 
knowledge  is  tolerably  definite.  We  will  restrict  ourselves, 
then,  to  the  evidence  which  Birds  and  Mammals  supply 

§  348.  Satisfactory  proof  that  loss  of  substance  in  the 


— 1 
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maintenance  of  heat  diminishes  the  rapidity  of  propagation, 
is  difficult  to  obtain.  It  is^  indeed,  obvious  that  the  warm* 
blooded  Vertebrata  are  less  prolific  than  the  cold-blooded; 
but  then  they  are  at  the  same  time  more  vivacious.  Similarly, 
between  Mammals  and  Birds  (which  are  the  warmer-blooded 
of  the  two)  there  is,  other  things  equal,  a  parallel,  though 
much  smaller,  difference ;  but  here,  too,  the  unlikenesses  of 
muscular  action  complicate  the  evidence.  Again,  the  annual 
return  of  generative  activity  has  an  average  correspondence 
with  the  annual  return  of  a  warmer  season,  which,  did  It 
stand  alone,  might  be  taken  as  evidence  that  a  diminished 
cost  of  heat-maiutenance  leads  to  such  a  surplus  as  makes 
reproduction  possible.  But  then,  this  periodic  rise  of  tem- 
perature is  habitually  accompanied  by  an  increase  in  the 
qusmiity  of  food — a  factor  of  equal  or  greater  importance. 
We  must  be  content,  therefore,  with  such  few  special  facts 
as  admit  of  being  disentangled. 

Certain  of  these  we  are  introduced  to  by  the  general  rela- 
tion last  named — the  habitual  recurrence  of  genesis  with  the 
recurrence  of  spring.    For  in  some  cases  a  domesticated  crea- 
ture has  its  supplies  of  food  almost  equalized ;  and  hence  the 
effect  of  varying  nutrition  may  be  in  great  part  eliminated 
from  the  comparison.     The  common  Fowl  yields  an  illustra- 
tion.    It  is  fed  through  the  cold  months,  but  nevertheless,  in 
nid- winter,  it  either  wholly  leaves  off  laying  or  lays  very 
sparingly.     And  then  we  .have  the  further  evidence  that  if  it 
ays  sparingly,  it  does  so  only  on  condition  that  the  heat,  as 
veil  as  the  food,  is  artificially  maintained.    Hens  lay  in  cold 
veather  only  when  they  are  kept  warm.     To  which  fact  may 
)e  added  the  kindred  one  that  '*  when  pigeons  receive  arti- 
icial  heat,  they  not  only  continue  to  hatch  longer  in  autumn, 
lut  will  recommence  in  spring  sooner  than  they  would  other- 
wise do."  An  analogous  piece  of  evidence  is  that,  in 
rinter,  inadequately-sheltered  Cows  either  cease  to  give  milk 
r  give  it  in  diminished  quantity.     For  though  giving  milk 
}  not  the  same  thing  as  bearing  a  young  one,  yet,  as  milk 
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is  part  of  the  material  from  which  a  young  one  is  baUt  np, 
it  is  part  of  the  outlay  for  reproductivo  purposes,  and  diminu- 
tion of  it  is  a  loss  of  reproductivo  power.  Indeed  the  case 
aptly  illustrates,  under  another  aspect,  the  struggle  between 
self- preservation  and  race- preservation.  Maintenance  of  the 
cow's  life  depends  on  maintenance  of  its  heat;  and  main- 
tenance of  its  heat  may  entail  such  reduction  in  the  supply 
of  milk  as  to  cause  the  death  of  the  calf. 

Evidence  derived  from  the  habits  of  the  same  or  allied 
genera  in  different  climates,  may  naturally  be  looked  for ;  but 
it  is  diiEcult  to  get,  and  it  can  scarcely  be  expected  that  the 
remaining  conditions  of  existence  will  be  so  far  similar  as  to 
allow  of  a  fair  comparison  being  made.  The  only  illustraiive 
facts  I  have  met  with  which  seem  noteworthv,  are  some  named 
bv  ilr.  Gould  in  his  work  on  TTw?  Birds  of  Amlralia,  lie 
savs: — **  I  must  not  omit  to  mention,  too,  the  extraordinarv 
fecundity  which  prevails  in  Australia,  many  of  its  sniuiler 
birds  breeding?  three  or  four  times  in  a  season ;  but  laviti'^ 
fewer  egg^  in  the  early  spring  when  insect  life  is  less 
developed,  and  a  greater  number  later  in  the  season,  when 
the  supply  of  insect  food  has  become  more  abundant.  I  have 
also  some  reason  to  believe  that  the  young  of  many  species 
breed  during  the  first  season,  for  among  others,  I  frequently 
found  one  section  of  the  Honey-eaters  (the  MeUthrepli) 
sitting  upon  eggs  while  still  clothed  in  the  brown  dress  oi 
immaturitv ;  and  we  know  that  such  is  the  case  with  the 
introduced  Oallinacete  (or  poultry)  three  or  four  generation.* 
of  which  have  been  often  produced  in  the  course  of  a  year.  * 
Though  here  Mr.  Oould  refers  only  to  variation  in  the 
quantity  of  food  as  a  cause  of  variation  in  the  rate  o 
multiplication,  may  we  not  suspect  that  the  warmth  is  i 
part- cause  of  the  high  rate  which  he  describes  as  general  P 

§  349.  Of  the  inverse  variation  between  activity  an< 
genesis,  we  get  clear  proof.  Let  us  begin  with  that  whicl 
Birds  furnish. 
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'  First  we  have  the  areroge  contrast,  already  hinted,  between 
the  fertility  of  Birds  and  the  fertility  of  Mammals.  Compar- 
ing the  large  with  the  large  and  the  small  with  the  small,  wo 
see  that  creatures  which  continually  go  through  the  muscular 
exertion  of  sustaining  themselves  in  the  air  and  propelling 
themselves  rapidly  through  it,  are  less  prolific  than  creatures 
of  equal  weights  which  go  though  the  smaller  exertion  of 
moving  about  over  solid  surfaces.  Predatory  Birds  have 
fewer  young  ones  than  predatory  Mammals  of  approximately 
the  same  sizes.  If  we  compare  Rooks  with  Hats,  or  Finclics 
with  Mice,  we  find  like  differences.  ^Vnd  these  diifercnccs  are 
greater  than  at  first  appears.  For  wiiereus  among  Munimul-j 
a  mother  is  able,  unaided,  to  bear  and  suckle  and  rear  half- 
way to  maturity,  a  brood  tliat  probably  weii^hs  more  in  pro- 
portion than  does  the  brood  of  a  Bird ;  a  Bird,  or  at  Icist  a 
Bird  that  flies  much,  Is  unable  to  do  this.  Both  parents  havo 
to  help ;  and  this  indicates  that  the  margin  fcr  reproduction 
in  each  adult  individual  is  smaller. 

Among  Birds  themselves  occur  contrasts  which  may  be 
next  considered.  In  the  Raptorial  class,  various  species  of 
which,  differing  in  their  sizes,  are  similarly  active  in  their 
habits,  we  see  that  the  small  are  more  prolific  than  the  large. 
The  Golden  Eagle  has  usually  2  eggs:  sometimes  only  1. 
As  we  descend  to  the  Kites  and  Falconii,  the  number  is  2  or 
or  3,  and  3  or  4.  And  when  we  come  to  the  SparnjW'IIuwk, 
3  to  0  is  the  specified  number.  Similarly  among  the  Owiii ; 
while  the  Great  £agle-Owl  has  2  or  3  eggs,  thecumparaiively 
small  Common  Owl  has  4  or  5.  As  before  hinted,  it  is  im- 
possible to  say  what  proportions  of  these  differences  are  due 
to  onlikenesses  of  bulk  merely,  and  what  proportions  are  doe 
to  unlikenesses  in  the  costs  of  locomotion.  But  we  may  fairly 
assume  that  the  onlikenesses  in  the  codt4  of  locomotion  are 
here  the  more  important  factors.  Weights  varying  a«  the 
^bes  of  the  dimensions,  while  muscular  powers,  vary  as  the 
squares,  the  expense  of  flight  increases  more  rapidly  than  the 
iize  increases  ;  and  as  motion  through  the  air  requires  n^re 
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cfFort  than  motion  on  the  ground^  this  gcometricjl  progression 
tells  more  rapidly  on  Birds  than  on  Mammals.  Be  this  as  it 
may,  however,  these  contrasts  support  the  argument ;  as  do 
various  others  that  may  be  set  down.  The  Finch  family,  for 
example,  have  broods  averaging  about  5  in  number,  and  have 
commonly  2  broods  in  the  season ;  while  in  the  Crow  family 
the  number  of  the  brood  is  on  the  average  less,  and  there  is 
but  one  brood  in  a  season.  And  then  on  descending  to  such 
small  birds  as  tho  TVrens  and  the  Tits,  we  have  8,  10,  12  to 
]  5  eggs,  and  often  two  broods  in  the  year.  One  of  the  best 
illustrations  is  furnished  by  the  Swallow-tribe,  throughout 
which  there  is  little  or  no  difference  in  mode  of  life  or  in  food. 
The  Sand-ifartin,  much  the  least  of  them,  has  usually  0  eggs ; 
the  Swallow,  somewhat  larger,  has  4  or  5 ;  and  the  Swifc, 
larger  still,  has  but  2.  Here  we  see  a  lower  fertility  associated 
in  part  wilIi  greater  size,  but  associated  still  more  con- 
spicuously with  greater  expenditure.  For  the  difference  of 
fertility  is  more  than  proportionate  to  the  difference  of  bulk, 
as  shown  in  other  cases ;  and  for  this  greater  difference  then 
is  the  reason,  that  the  Swift  has  to  support  not  only  the  cost 
of  propelling  its  larger  mass  through  tho  air,  but  also  the  cost 
of  propelling  it  at  a  higher  velocity. 

Omitting  much  evidence  of  like  nature,  let  us  note  that 
disclosed  by  comparisons  of  certain  groups  of  birds  with  other 
groups.  "  Skulkers "  is  the  descriptive  title  applied  to  the 
\Vater-Rail,  the  Corn-Crake,  and  their  allies,  which  evade 
enemies  by  concealment — consequently  expending  but  little 
in  locomotion.  These  birds  have  relatively  large  broods — 6 
to  11,  8  to  12,  &c.  Not  less  instructive  are  the  contrasts  be- 
tween the  Gallinaceous  Birds  and  other  Birds  of  like  sizes  but 
more  active  habits.  The  Partridge  and  the  Wood-Pigeon  are 
about  equal  in  bulk,  and  have  much  the  same  food.  Yet  while 
the  one  has  from  10  to  15  young  ones,  the  other  has  but  2 
young  ones  twice  a-year:  its  annual  reproduction  is  but 
one-third.  It  may  be  said  that  the  ability  of  the  Partridge 
to  bring  up  so  large  a  brood,  is  duo  to  that  habit  of  its  trib€ 
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wliich  one  of  its  names,  "  Scrapers,"  describes ;  and  to  the 
accompanying  habit  of  the  young,  which  begin  to  get  their 
own  living  as  soon  as  they  are  hatched :  so  saving  the  parents' 
labour.  Conversely,  it  may  be  said  that  the  inability  of  tbe 
Pigeon  to  rear  more  than  2  at  a  time,  is  caused  by  the  necessity 
of  fetching  everything  they  eat.  But  the  alleged  relation 
holds  nevertheless.  On  the  one  hand,  a  great  part  of  the  food 
which  the  Partridge  chicks  pick  up,  is  food  which,  in  their 
absence,  the  mother  would  have  picked  up :  though  each  chick 
costs  her  far  less  than  a  young  Pigeon  costs  its  patients,  yet 
the  whole  of  her  chicks  cost  her  a  great  deal  in  the  shape  of 
abstinence — an  abstinence  she  can  bear  because  she  has  to  fiv 
but  little.  On  the  other  hand,  the  Piqreon's  habic  of  layini^ 
and  hatching  but  two  eggfi^  must  not  be  referred  to  any  fore- 
seen necessity  of  going  through  so  much  hibour  in  supporting 
the  vouna:,  but  to  a  constitutional  tcndcncv  established  bv  such 
labour.  This  is  proved  by  the  curious  fact  that  when  do- 
mesticated, and  saved  from  such  labour  by  artificial  feeding, 
Pigeons,  says  Macgillivray,  *'  are  frequently  seen  sitting  on 
eggs  long  before  the  former  brood  is  able  to  leave  the  nest,  so 
that  the  parent  bird  has  at  the  same  time  young  birds  and 
eggs  to  take  care  of." 

8  350.  !Made  to  illustrate  the  effect  of  activitv  on  fertility, 
most  comparisons  among  Mammals  are  objectionable:  other  cir- 
cumstances are  not  equal.  A  few,  however,  escape  this  criticism. 

One  is  that  between  the  Hare  and  the  Babbit  These  are 
closely-allied  species  of  the  same  genus,  similar  in  their  diet 
but  unlike  in  their  expenditures ^for  locomotion.  The  rela- 
tively-inert Rabbit  has  5  to  8  young  ones  in  a  litter,  and 
several  litters  a-year;  while  the  relatively-active  Hare  has 
but  2  to  5  in  a  litter.  This  is  not  all.  The  Rabbit  begins 
to  breed  at  six  months  old;  but  a  year  elapses  before  the 
Hare  begins  to  breed.  These  two  factors  compounded,  result 
in  a  difference  of  fertility  far  greater  than  can  be  ascribed  to 
unlikeness  of  the  two  creatures  in  size. 
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Ferliaps  the  most  striking  piece  of  evidence  which  Mam- 
mals fumishi  is  the  extreme  infertility  of  our  common  Bat. 
The  Cheiroptera  and  the  Rodeniia  are  very  similar  in  their 
internal  structures.  Diversity  of  constitution,  therefore, 
cannot  vitiate  the  comparison  between  Bats  and  Mice,  which 
are  about  the  same  in  size.  Though  their  diets  differ,  the 
difference  is  in  favour  of  the  Bat :  its  food  being  exclusively 
animal  while  that  of  the  Mouse  is  mainly  vegetal.  What 
now  are  their  respective  rates  of  genesis  P  The  Mouse  pro- 
duces many  young  at  a  time,  reaching  even  10  or  12 ;  while 
the  Bat  produces  only  one  at  a  time.  Whether  the  Bat 
repeats  its  one  more  frequently  than  the  Mouse  repeats  its 
ten  is  not  stated ;  but  it  is  quite  certain  that  even  if  it  does 
so,  the  more  frequent  repetition  cannot  be  such  as  to  raise  its 
fertilitv  to  anvthin^  like  that  of  the  Mouse.  And  this 
relativel V- low  rate  of  multiplication  we  mav  fairlv  ascribe  to 
its  reiutively-higU  rate  of  expenditure. 

If  ere  let  us  note,  in  passing,  an  interesting  example  of  the 
way  in  which  a  species  that  has  no  specially-great  power  of 
self-preservation,  while  its  power  of  multiplication  is  extremely 
small,  nevertheless  avoids  extinction  because  it  has  to  meet 
an  unusually-small  total  of  race-destroying  forces.  Leaving 
out  parasites,  the  only  enemy  of  the  Bat  is  the  Owl ;  and  the 
Owl  is  sparingly  distributed. 
• 

§  351.  These  general  evidences  may  be  enforced  by  some 
special  evidences.  We  have  few  opportunities  of  observing 
how,  within  the  same  species,  variations  of  expenditure  are 
related  to  variations  of  fertility.  But  a  fact  6r  two  showing 
the  connexion  may  be  named. 

Doctor  Duncan  quotes  a  statement  to  the  point  respecting 
the  breeding  of  dogs.  Already  in  §  341 1  have  extracted  a  pari 
of  this  statement,  to  the  effect  that  before  her  growth  is  com- 
plete, a  bitch  bears  at  a  birth  fewer  puppies  than  when  she 
becomes  full-grown.  An  accompanying  allegation  is,  thai 
her  declining  vigour  is  shown  by  a  decrease  in  the  number  o: 
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puppies  contained  in  a  litter,  "  ending  in  one  or  two."  And 
then  it  is  farther  alleged  that,  ''  as  regards  the  amount  of 
work  a  dog  has  to  perform,  so  will  the  decline  be  rapid  or 
gradual ;  and  hence,  if  a  bitch  is  worked  hard  year  after  year, 
she  will  fail  rapidly,  and  the  diminution  of  her  puppies  will 
be  accordingly ;  but  if  worked  moderatel}'  and  well  kept,  she 
will  fail  gradually,  and  the  diminution  will  be  less  rapid." 

In  this  place,  more  fitly  than  elsewhere,  may  be  added  a 
fact  of  like  implication,  though  of  a  different  order.  Of  course 
whether  excessive  expenditure  be  in  the  continual  repairs  of 
nervo-muscular  tissues  or  in  replacing  other  tissues,  the  re- 
active effects,  if  not  quite  the  same,  will  be  similar — there 
will  be  a  decrease  of  the  surplus  available  for  genesis.  If, 
then,  in  anv  animals  there  from  time  to  time  occur  unusual 
outlays  for  self- maintenance,  we  may  expect  the  periods  of 
.^ucli  outlays  to  be  periods  of  diminished  or  arrested  repro- 
duction. That  thev  are  so  the  mouUinn:  of  birds  shows  us. 
When  hens  begin  to  moult  they  cease  Ko  lay.  While  tlic-y 
are  expending  so  much  in  producing  new  clothing,  they  have 
nothing  to  expend  for  producing  eggs. 


CHAPTER  IX. 

COINCIDENCE  BETWEEN  HIGU  NUTRITION  AND  GENESIS. 

§  352.  Under  this  head  may  be  grouped  yartoua  facts 
which,  in  another  way^  tcU  the  same  tale  as  those  contained 
in  the  last  chapter.  The  evidence  there  put  together  went  to 
show  that  increased  cost  of  self-maintenance  entailed  de- 
creased power  of  propagation.  The  evidence  to  be  set  down 
here,  will  go  to  show  that  power  of  propagation  is  augmented 
by  making  self-maintenance  unusually  easy.  For  into  this 
may  be  translated  the  effect  of  abundant  food. 

To  put  the  proposition  more  specifically — we  have  seen 
that  after  individual  growth,  development,  and  daily  con- 
sumption have  been  provided  for,  the  surplus  nutriment 
measures  the  rate  of  multiplication.  This  surplus  may  be 
raised  in  amount  by  such  changes  in  the  environment  as 
bring  a  larger  supply  of  the  materials  or  forces  on  whicii 
both  paren,tal  life  and  the  lives  of  o£&pring  depend.  Be 
there,  or  be  there  not»  any  expenditure,  a  higher  nutrition 
will  make  possible  a  greater  propagation.  We  may  expect 
this  to  hold  both  of  agamo^nesis  and  of  gamogenesis ;  anc 
we  shall  find  that  it  does  so. 

§  353.  On  multi-axial  plants,  the  primary  effect  of  surplut 
nutriment  is  a  production  of  large  and  numerous  leaf-shoots 
How  this  asexual  multiplication  results  from  excessive  nutri- 
tion, is  well  shown  when  the  leading  axis,  or  a  chief  branch,  i 
broken  off  towards  its  extremity.     The  axillary  buds  belov 
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the  breakage  quickly  swell  and  burst  into  lateral  shoots, 
which  often  j)ut  forth  secondary  shoots :  two  generations  of 
agamic  individuals  arise  where  there  probably  would  have 
been  none  but  for  the  local  abundance  of  sap,  no  longer 
drawn  off.  In  like  manner  the  abnormal  agamogenesis  which 
we  have  in  proliferous  flowers,  is  habitually  accompanied  by 
a  general  luxuriance,  implying  an  unusual  plethora. 

No  less  conclusive  is  the  evidence  furnished  by  agamo- 
genesis in  animals.  Sir  John  Dalyell,  speaking  of  Hydra 
tubaj  whose  peculiar  metagenesis  he  was  the  first  to  point  out, 
says — "  It  is  singular  how  much  propagation  is  promoted  by 
abundant  sustenance."  This  Polype  goes  on  budding-out  young 
polypes  from  its  sides,  with  a  rapidity  proportionate  to  the 
isuppiy  of  materials.  iSo,  too,  is  it  with  the  agamic 

reproduction  of  the  Aplm,  As  cited  by  Proiessor  Iluxiey, 
Kyber  "  states  that  he  raised  viviparous  broods  ot  both  this 
species  (Aphis  DianthiJ  and  A,  Itoace  for  lour  consecutive 
years,  without  any  intervention  of  males  or  oviparous  females, 
and  that  the  energy  of  the  power  of  agamic  reproduction  was 
at  the  end  of  that  period  undiminished.  Ihe  rapidity  of  the 
agamic  prolification  throughout  the  whole  period  was  directly 
proportional  to  the  amount  of  warmth  and  food  supplied." 

In  these  cases  the  relation  is  not  appreciably  complicated  by 
expenditure.  The  parent  having  reached  its  limit  of  growth, 
the  absorbed  food  goes  to  asexual  multipiication :  scarcely 
any  being  deducted  for  the  maintenance  of  parental  lil'e. 

§  354.  The.  sexual  multiplication  of  organisms  tmder 
changed  conditions,  undergoes  variations  conforming  to  a 
parallel  law.  Cultivated  plants  and  domesticate  animals 
yield  us  proof  of  this. 

Facts  showing  that  in  cultivated  plants,  sexual  genesis  in- 
creases with  nutrition,  are  obscured  by  facts  showing  that  a 
less  rapid  asexual  genesis,  and  an  incipient  sexual  genesis,  ac- 
company the  fall  from  a  high  to  a  moderate  nutrition.  The 
confounding  of  these  two  relations  has  led  to  mistaken  infer* 
Vol.  IL  20 
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cnces.    When  treating  of  Genesis  indactiyely,  we  reached  the 
generalization  that  "  the  prodacts  of  a  fertilized  germ  go 
on  accumuUting  by  simple  growth,  so  long  as  the  forces 
whence  growth  results  are  greatly  in  excess  of  the  antagonist 
forces ;  but  that  when  diminution  of  the  one  set  of  forces,  or 
increase  of  the  other,  causes  a  considerable  dcclino  in  this  ex- 
cess, and  an  approach  towards  equilibrium,  fertilized  germs 
are  again  produced/'     (§  78.)    It  was  pointed  out  that  this 
holds   of    organisms  which  multiply  by  heterogenesis,   as 
well  as  those  which  multiply  by  homogenesis.    And  plants 
were  referred  to  as  illustrating,  both  generally  and  locally, 
the  decline  of  agamic  multiplication  and  commencement  of 
l^mic  multiplication,  along  with  a  lessening  rate  of  nutrition. 
Xow  the  many  cases  that  are  given  of  IVuitfulness  caused  ia 
trees   by   depletion,   are   reuUy   cases   of  this   change  from 
agamogoncsis  to  tjaniogenesis ;  and  simply  fjo  to  prove  that 
what  would  naturally  arise  when  decreased  peripheral  growth 
had  followed  increased  size,  may  be  brought  about  artiticiully 
by  diminishing  the  supply  of  materials  for  growth.     Cramp* 
ing  its  roots  in  a  pot,  or  cutting  them,  or  ringing  its  branches, 
will  make  a  tree  bear  very  early:    bringing  about  a  pre- 
mature establishment    of   that    relative   innutrition  which 
would  have  spontaneously  arisen  in  course  of  time.    Suc!i 
facts  by  no  meazis  show  that  in  plants,  sexual  genesis  in- 
creases as  nutrition  diminishes.     When  it  hus  once  set  in, 
sexual  genesis  is  scanty  or  imperfect  unless  nutrition  is  good. 
Though  the  starved  plant  may  blossom,  yet  many  of  its 
blossoms  will  fail ;  and  such  seeds  as  it  produces  will  be  ill* 
furnished  with  those  enveloping  structures  and  that  store  of 
albumen,  &c.,  needed  to  give  good  chances  of  successful  germi- 
nation— the  number  of  surviving  ofifspring  will  be  diminished. 
Were  it  otherwise,  the  manuring  of  fields  that  are  to  bear 
seed-crops,  would  be  not  simply  useless  but  injurious.     Were 
it  otherwise,  dunging  the  roots  of  a  fruit-tree  would  in  all 
coses  be  impolitic;  instead  of  being  impolitic  only  where  the 
growth  of  sexless  axes  is  still  luxuriant.     Were  it  otherwise^ 
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a  tree  which  has  borne  a  heavy  crop,  should,  by  the  coa- 
sequent  depletion,  be  led  to  bear  a  still  heavier  crop  next 
year ;  whereas  ic  is  apt  to  be  wholly  or  partially  barren  next 
year — has  to  recover  a  state  of  tolerably-high  nutrition 
before  its  sexual  genesis  again  becomes  large. 

But  the  best  illustrations  are  those  yielded  by  animals, 
in  which  we  have,  besides  an  increased  supply  of  nutriment, 
a  diminished  expenditure.  Two  classes  of  comparisons,  alike 
in  their  implications,  may  be  made — comparisons  between 
tame  and  wild  animals  of  the  same  species  or  gonu9,  and  com- 
parisons between  tame  animals  of  the  same  species  diSoreatly 
treated. 

To  boijin  with  Birds,  let  us  first  contrast  the  farm-varJ 
Gailimiccce  with  tlicir  kindred  of  the  tiuLls  and  woods.  Xot- 
withstandiu'i;  their  greater  size,  wiiicii,  other  things  etjuul, 
should  be  accoinnanied  bv  smaller  fertilltv,  the  flomestieatcd 
kinds  have  more  numerous  offspring  than  the  wild  kinds.  A 
Turkey  has  a  dozen  in  a  brood,  while  a  Pheasant  has  from  6 
to  10.  Twice  or  thrice  in  a  season,  a  Hen  rears  as  many 
chickens  as  a  Partridge  rears  once  in  a  season.  Anserine  birds 
show  us  parallel  differences.  The  Tame  Goose  sits  on  12  or 
more  eggs,  but  the  Wild  Goose  sits  on  5,  6,  or  7  ;  and  these 
are  noted  as  considerably  smaller.  It  is  the  same  with  Ducks : 
the  domesticated  variety  lays  and  hatches  twice  as  many  eggs 
as  the  wild  variety.  And  the  like  holds  of  Pigeons.  After 
remarking  of  the  Colamba  lioia  that  "in  spring  when  they 
have  plenty  of  corn  to  pick  from  the  newly-sown  fields,  they 
begin  to  get  fat  and  pair ;  and  again,  in  harvest,  when  the 
corn  is  cut  down, "  Macgillivray  goes  on  to  say,  that  "  the 
same  pair  when  tamed  generally  breed  four  times"  in  the 
year.  That  between  different  poultry-yards,    in- 

equalities of  fertility  are  caused  by  inequalities  in  the  supplies 
of  food,  is  a  familiar  truth.  High  feeding  shows  its  effects  not 
only  in  the  continuous  laying,  but  also  in  the  sizes  of  the 
eggs.  Among  directions  given  for  obtaining  eggs  from 
pullets  late  in  the  year,  it  is  especially  insisted  on  that  tbey 
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sliall  have  a  generous  diet.  Respecting  Pigeons  MacgiUivray 
writes : — **  that*  their  breeding  depends  much  on  their 
having  plenty  of  food  to  fatten  them,  seems,  I  think, 
evident  from  the  circumstance  that,  when  tamed,  which 
they  easily  are,  they  are  observed  to  breed  in  every  month  of 
the  year.  I  do  not  mean  that  the  same  pair  will  breed  every 
month ;  but  some  in  the  flock,  if  well  fed,  will  breed  at  any 
season."  There  may  be  added  a  fact  of  like  meaning 

which  partially-domesticated  birds  yield.  The  Sparrow  is  one 
of  the  Finch  tribe  that  has  taken  to  the  neighbourhood  of 
houses;  and  by  its  boldness  secures  food  not  available  to  its 
congeners.  The  result  is  that  it  has  several  broods  in  a  sea- 
son, while  its  fielJ-hauiiting  kindred  have  none  of  them  more 
than  t;ro  broods,  and  some  have  onlv  one. 

Equally  clear  proof  that  abundant  nutriment  raises  the  rate 
of  multipllciilioii,  occurs  among  ilammuls.  Compare  the 
litters  of  the  Dog  with  the  litters  of  the  Wolf  and  the  Fox- 
Whereas  those  of  the  one  runge  in  number  from  6  to  14,  the 
others  contain  respectively  5  or  6  or  occasionally  7,  and 
4  or  5  or  rarely  6.  Again,  the  wild  Cat  has  4  or  5  kittcns^; 
but  the  tame  Cat  has  5  or  6  kittens  2  or  3  times  a-}'car. 
So,  too,  is  it  with  the  Weasel  tribe.  The  Stoat  has  & 
young  ones  once  a-year.  The  Ferret  has  2  litters  yearly, 
each  containing  from  6  to  9 ;  and  this  notwithstanding  that 
it  is  the  larger  of  the  two.  Perhaps  the  most  striking 
contrast  is  that  between  the  wild  and  tame  varieties  of 
the  Pig.  While  the  one  produces,  according  to  its  age,  from 
4  to  8  or  10  young  ones,  once  a  year,  the  other  produces 
sometimes  as  many  as  17  in  a  litter ;  or,  in  other  cases,  will 
bring  up  5  litters  of  10  each  in  two  years — a  rate  of  reproduc- 
tion that  is  unparalleled  in  animals  of  as  large  a  size. 
And  let  us  not  omit  to  note  that  this  excessive  fertiUty 
occurs  where  there  is  the  greatest  inactivity — wher^  there  is 
plenty    to    cat    and   nothing    to    do.  .  There    is 

no  less  distinct  eyidence  that  among  domesticated  Haramals 
themselves,  the  well-fed  individuals  arc  moro   prolific  than 
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the  ill-fed  individuals.  On  the  high  and  comparatively- 
infertile  Cots  wolds,  it  is  unusual  for  Ewes  to  have  twins ;  but 
they  very  commonly  have  twins  in  the  adjacent  rich  valley  of 
the  Severn.  Similarly,  among  the  barren  hills  of  the  west  of 
Scotland,  two  lambs  will  be  borne  by  about  one  Ewe  in  twenty  ; 
whereas  in  England,  something  like  one  Ewe  in  three  will 
bear  two  lambs.  Nay,  in  rich  pastures,  twins  are  more 
frequent  than  single  births;  and  it  occasionally  happens 
that,  after  a  genial  autumn  and  consequent  good  grazing,  a 
flock  of  Ewes  will  next  spring  yield  doable  their  number  of 
lambs — the  triplets  balancing  the  uniparso.  So  direct  is  this 
relation,  that  I  have  heard  a  farmer  assert  his  ability  to  foro* 
tell,  irora  the  high,  medium,  or  low,  condition  of  an  Ewe  in 
the  autumn,  whether  she  will  next  sprini;  bear  two,  or  oiio, 
or  none. 

§  355.  An  objection  must  here  be  met.  iluny  facts  may 
be  brought  to  prove  that  fatness  is  not  accompanied  by  ferti* 
lity  but  by  barrenness ;  and  the  inference  drawn  is  that  high 
feeding  is  unfavourable  to  genesis.  The  premiss  may  bo 
admitted  while  the  conclusion  is  denied. 

There  is  a  distinction  between  what  may  bo  called  normal 
plethora,  and  an  abnormal  plethora,  liable  to  be  confounded 
with  it.  The  one  is  a  mark  of  constitutional  wealth ;  but  tho 
other  is  a  mark  of  constitutional  poverty.  Normal  plethora 
is  a  superfluity  of  materials  both  for  tho  building  up  of 
tissue  and  the  evolution  of  force ;  and  this  is  the  plethora 
which  we  hare  found  to  be  associated  with  unusual  fecundity. 
Abnormal  plethora,  which,  as  truly  alleged,  is  accompanied 
by  infecandity,  is  a  superfluity  of  force-evolving  materials 
joined  with  either  a  positive  or  a  relative  deficiency  of  tissue- 
forming  materials :  the  increased  bulk  indicating  this  state, 
being  really  the  bulk  of  so  much  inert  or  dead  matter.  Note, 
first,  a  few  of  the  facts  which  show  us  that  obesity  implies 
physiological  impoverishment. 

Neither  in  brutes  nor  men  docs  it  ordinarily  occur  oithor 
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in  youth  or  in  that  early  matarity  daring  which  the  vigoar 
is  the  greatest  and  the  digestion  the  best:  it  does  not 
habitually  accompany  the  highest  po\7er  of  taking  up  nutri- 
tive materials.  When  fatness  arises  in  the  prime  of  life, 
whether  from  peculiarity  of  food  or  other  circumstance^  it  is 
not  the  sign  of  an  increased  total  vitality.  On  the  contrary,  if 
great  muscular  action  has  to  be  gone  through,  the  fat  must 
be  got  rid  of— either,  as  in  a  man,  by  training,  or  as  in  a 
horse  that  has  grown  bulky  while  out  at  grass,  by  putting 
him  on  such  more   nutritive  diet  as  oats.  The 

frequency  of  senile  fatness,  both  in  domesticated  creatures 
and  in  ourselves,  has  a  similar  implication.  Whether  we 
consider  the  smaller  abilitv  of  thoso  who  displav  it  to  with- 
stand  large  demands  on  their  powers,  or  whether  we  consider 
the  comparatively-inferior  di;^estion  common  amon^  them, 
T\-c  see  that  the  increased  >iz3  indicates,  not  an  abundance  of 
materials  which  the  organism  requires,  but  an  abundance  of 
materials  which  it  does  not  require.  Of  like  moan- 

ing is  the  fact  that  women  who  have  had  several  children, 
and  animals  after  they  have  gone  on  bearing  young  for  some 
time,  frequently  become  fat;  and  lose  their  fecundity  as 
they  dolihis.  In  such  cases,  the  fatness  is  not  to  be  taken  as 
the  causa  of  the  infecundity;  but  the  constitutional  ex- 
haustion which  the  previous  production  of  oflfj^pring  has  left, 
shows  itself  at  once  in  the  failing  fecundity  and  the  com« 
mcncing  fatness.  There  is  yet  anpther  kind  of  evidence. 

Obesity  not  uncommonly  sets  in  after  the  system  has 
been  subject  to  debilitating  influences.  Often  a  serious  illness 
is  followed  by  a  corpulence  to  which  there  was  previously  no 
tendency.  And  the  prolonged  administration  of  mercury,  oon* 
stitutionally  injurious  as  it  is,  sometimes  produces  a  like  effect. 
Closer  inquiry  verifies  the  conclusion  to  which  these  facts 
point  The  microscope  shows  that  along  with  the  increase  of 
bulk  common  in  advanced  life,  there  goes  on  what  is  called 
"  fatty  degeneration :"  oil-globules  are  deposited  where  there 
should  be  particles  of  flesh — or  rather,  we  may  say,  the  hydro- 
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carbonaceous  molecules  locally  produced  by  decomposition  of 
the  nitrogenous  molecules,  have  not  been  replaced  by  other 
nitrogenous  molecules,  as  they  should  have  been.  This  fatty 
degeneration  is,  indeed,  a  kind  of  local  death.  "For  so  regard- 
ing it  wo  have  not  simply  the  reason  that  an  active  substance 
has  its  place  occupied  by  an  inert  substance ;  but  we  have 
the  reason  that  the  flesh  of  dead  bodies,  under  certain 
conditions,  is  transformed  into  a  fatty  matter  called  adipocere. 
The  infertility  that  accompanies  fatness  in  domestic  animals, 
has,  however,  other  causes  than  that  declining  constitutional 
vigour  which  the  fatness  indicates.  Being  artificially  fed,  these 
animals  cannot  alwa}*3  obtain  what  their  systems  need.  That 
which  is  given  to  them  is  often  given  expressly  because  ot'  its 
fcitteuiug  quality.  And  since  the  capacity  of  the  digesuvo 
apparatus  remains  the  same,  the  absorption  of  fut-producing 
nni  to  rials  in  excess,  implies  defect  in  the  absorption  of  ma- 
terials from  which  the  tissues  are  formed,  and  out  of  waich 
young  ones  are  built   up.  Moreover,  this  special 

feeding  with  a  view  to  rapid  and  early  fattening,  continued 
as  it  is  through  generations,  and  accompanied  as  it  is  by 
a  selection  of  individuals  and  varieties  which  fatten  most 
readily,  tends  to  establish  a  modified  constitution,  more  fitted 
for  producing  fat  and  correspondingly-less  fitted  for  producing 
flesh — a  constitution  which,  from  this  relatively-deficient  ab- 
sorption of  nitrogenous  matters,  is  likely  to  become  infertile  ; 
as,  indeed,  these  varieties  generally  become.  Hence, 

no  conclusions  respecting  the  eflects  of  high  nutrition,  pro- 
perly^  so  called,  can  be  drawn  from  cases  of  this  kind.  The 
cases  are,  in  truth,  of  a  kind  that  could  not  exist  but  for 
human  agency.  Under  natural  conditions  no  animal  would 
diet  itself  in  the  way  required  to  produce  such  results.  And 
if  it  did,  its  race  would  quickly  disappear.* 

*  It  is  worth  while  inqairing  whether  onfitueas  of  the  food  given  to  them,  it 
not  the  chief  cause  of  that  sterility  which,  as  Hr.  Darwin  says,  "  is  the  great 
bar  to  the  domestication  of  animals."  He  remarks  that  *'when  animals  and 
plants  are  removed  from  their  natural  conditions,  they  are  extremely  liable  to 
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There  is  jet  another  mode  in  which  accomnhition  of  fat 
diminishes  fertility.  Even  supposing  it  miaccompanied  by 
a  smaller  absorption  of  nitrogenous  materials,  it  is  still  a 
cause  of  lessening  the  surplus  of  nitrogenous  materials.  For 
the  repair  of  the  motor  tissues  becomes  moro  costly.  Fat 
stored-up  is  weight  to  be  carried.  A  creature  loaded  with 
inert  matter  must,  other  things  equal,  consume  a  greater 
amount  of  tissue-forming  substances  for  keeping  its  loco- 
motive apparatus  in  order ;  and  thus  expending  more  for  self- 
maintenance  can  expend  less  for  race-maintenance.  Abnormal 
plethora  is  thus  antagonistic  to  reproduction  in  a  double  way. 
It  ordinarily  implies  a  smaller  absorption  of  tissue-forming 
matters,  and  an  increased  demand  on  the  diminished  supply. 
Ilonce  fertility  decreases  in  a  gooraetrical  progression. 

The  counter-conclusion  drawn  from  facts  of  thia  class,  is, 
then,  due  to  a  misconcepcion  of  their  nature — a  misconception 
arising  partly  from  the  circumstance  tliat  the  increase  of  bulk 
produced  by  fat  is  somewhat  like  the  increase  of  bulk  which 
growth  of  tissues  causes,  and  partly  from  the  circumstance 
that  abundance  of  good  food  normally  produces  a  certain 
quantity  of  fat,  which,  within  narrow  limits*  is  a  yaluable 
store  of  force-evolving  material.  "WTien,  however,  we  limit 
the  phrase  high  nutrition  to  its  proper  meaning — an  abun- 
dance of,  and  due  proportion  among,  all  the  substances  which 
the  organism  needs — we  find  that,  other  things  equal,  fertility 
always  increases  as  nutrition  increases.  And  we  see  that  these 
apparently-exceptional  cases,  are  cases  that  really  show  us  the 
same  thing  ;  since  they  are  cases  of  relative  innutrition. 

have  their  reproductive  sjstems  seriously  affected."  Possibly  the  relative  or 
absolute  arrest  of  genesis,  is  less  due  to  a  direct  effect  on  the  reprodactive  sys- 
tem, than  to  a  changed  nutrition  of  which  the  reproductive  system  most  clearly 
shows  the  results.  The  matters  required  for  forming  an  embryo  are  in  a 
greater  proportion  nitrogenous  than  are  the  matters  required  for  maintain- 
ing  an  adult  Hence,  an  animal  forced  to  live  on  insufBciently-nitrogenized 
food,  may  have  its  surplus  for  reproduction  cut  off,  but  still  have  a  sufficiency 
to  keep  its  own  tissues  in  repair,  and  appear  to  be  in  good  health— meanwhile 
increasing  in  bulk  from  excess  of  the  non-nitrogenous  matters  it  cats. 


CHAPTER  X. 

SPECIALITIES  OF  THESE   RELITIOOT. 

§  356.  Tests  of  the  general  doctrines  set  forth  in  preceding 
chapters,  arc  afforded  by  organisms  havini^  modes  of  life  that 
diverge  widely  from  ordinary  modes.  Here,  as  elsewhere, 
aberrant  cases  yield  crucial  proofs. 

If  certain  onranisras  arc  so  circumstanced  that  hi^hlv- 
nutritive  matter  is  supplied  to  them  without  stint,  and  they 
have  nothing  to  do  but  absorb  it,  we  may  infer  that  their 
powers  of  propagation  will  be  enormous. 

If  there  are  classes  of  creatures  that  expend  very  little  for 
self-support  in  comparison  with  allied  creatures,  a  relatively 
extreme  prolifibness  may  be  expected  of  them. 

Or  if,  again,  we  find  species  presenting  the  peculiarity 
that  while  some  of  their  individuals  have  much  to  do  and 
little  to  eat^  others  of  their  individuals  have  much  to  eat  and 
little  to  do,  we  may  look  for  great  fertility  in  these  last  and 
comparative  infertility  or  barrenness  in  the  Sjrst 

These  sereral  anticipations  we  shall  find  completely 
verified. 

§  357.  Plants  which,  like  the  Rafflesiacece,  carry  their  para- 
sitism to  the  extent  of  living  on  the  juices  they  absorb  from 
other  plants,  exhibit  one  of  these  relations  in  the  vegetal 
kingdom.  In  them  the  organs  for  self-support  being  need- 
less, are  rudimentary;  and  the  parts  directly  or  indirectly 
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concerned  in  the  prodaction  and  distribution  of  germs,  con- 
stitute the  mass  of  the  organism.  That  small  ratio  which 
the  race-preserving  structures  bear  to  the  self-preserying 
structures  in  ordinary  Fhtenogams,  is,  in  these  Phtenogams, 
inverted.     A  like  relation  occurs  in  the  common  Dodder. 

There  may  be  added  a  kindred  piece  of  evidence  which  the 
F\ingi  present.  Those  of  them  which  grow  on  living  plants, 
repeat  the  above  connection  completely ;  and  those  of  them 
which,  though  not  parasitic,  nevertheless  subsist  on  organized 
materials  previously  elaborated  by  other  plants,  substantially 
repeat  it.  The  spore-producing  part  is  relatively  enormous ; 
and  the  fertility  is  far  greater  than  that  of  Cryptogams  of  like 
sizes,  which  have  to  form  for  themselves  the  organic  com- 
pounds of  which  they  and  their  germs  consist. 

S  353.  The  same  lesson  is  taught  us  bv  animal-nnrasitcs. 
Along  with  the  decreased  cose  of  Individuation,  they  similarly 
^how  us  an  increased  expenditure  for  Genesis ;  and  they  show 
us  this  in  the  most  striking  manner  where  the  deviation  from 
ordinary  conditions  of  life  is  the  greatest 

Take,  among  the  Epizoa^  such  an  instance  as  the  Nicothm. 
Belonging  to  the  JEntomottraea,  both  males  and  females  of 
this  species  are,  in  their  early  days,  similar  to  their  allies ; 
and  the  males  continue  so  throughout  life.  Each  female, 
however,  presently  fixes  herself  on  the  skin  of  an  aquatic 
animal,  where  she  sits  and  sucks  its  juices,  enlarges  rapidly, 
and  undergoes  an  extremo  distortion  from  the  growth  of 
the  ovaries.  These,  bulging  out  from  her  sides,  become  lateral 
sacs,  each  of  which  attains  something  like  three  times  her 
size ;  and  then  a  further  distortion  is  produced  by  two  vast 
^og-lM&gs,  severally  larger  than  herself,  which  also  are  formed 
and  become  pendant  So  that  the  germ-producing  organs  and 
their  contents,  eventually  acquire  a  total  bulk  some  eight  or 
ten  times  that  of  the  rest  of  the  body.  Ifomerous  species  of 
this  type  and  habit,  repeat  this  relation  between  a  life  of  in- 
action with  high  feeding,  and  an  enormous  rate  of  genesis. 
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Entozoa  yield  us  many  examples  of  this  causal  relatioa, 
raised  to  a  still  higher  degree.  The  Gordiu8,  or  B[air-\eorai, 
is  a  creature  which,  finding  its  way  whea  young  into  the 
body  of  an  insect,  there  grows  rapidly,  and  afterwards  emerg- 
ing to  breed,  lays  as  many  as  8,000,000  eggs  in  less  than  a  day. 
Similarly  with  the  larger  types  that  infest  the  higher 
animals.  It  has  been  calculated  by  Dr.  Eschricht,  as  quoted 
by  Professor  Owen,  that  there  are  "64,000,000  of  ova  in  the 
mature  {emcilQ  Ascaris  Lumbricoides.  "  Even  a  still  greater 
fertility  occurs  among  the  cestoid  Entozoa,  Immersed  as  a 
Tape- worm  is  in  nutritive,  liquid,  which  it  absorbi  through  its 
integument,  it  requires  no  digestive  apparatus.  The  room 
which  one  would  occupy,  and  the  matcriuU  it  would  use  up, 
are  therefore  available  for  germ-produciri!^  origins,  which 
nearly  fill  each  sci^meut:  each  segment,  sexually  complete  in 
itself,  is  little  else  than  an  enormous  reproductive  system, 
with  just  euougii  ui"  other  structures  to  uliul  1:  cO^^'jtlier. 
Remembering  that  the  Tape- worm,  retaiuiug  its  hold,  con- 
tinues to  bud-out  such  segments  as  fast  as  the  fully-developed 
ones  are  cast  off,  and  goes  on  doing  this  as  long  as  the  infested 
individual  lives ;  we  see  that  here,  where  there  is  no  ex- 
penditure, where  the  cost  of  individuation  is  reduced  to  the 
greatest  extent  while  the  nutrition  is  the  highest  possible, 
the  dejjree  of  fertilitv  reaches  its  extreme.  These 

Entozoa  yield  us  further  interesting  evidence.  Of  their 
various  species,  most  if  not  all  undergo  passive  migration  from 
animal  to  animal  before  they  become  nature.  Usually,  the 
form  assumed  in  the  body  of  the  first  host,  is  devoid  of  all 
that  part  in  which  the  reproductive  structures  take  their  rise ; 
and  this  part  grows  and  develops  reproductive  structures, 
only  in  some  predatory  animal  to  which  its  first  host  falls  a 
sacrifice.  Occasionally,  however,  the  egg  gives  origin  to  the 
sexual  form  in  the  animal  that  originally  swallowed  it,  but 
the  development  remains  incomplete — there  is  no  sexual 
genesis,  no  formation  of  eggs  in  the  rudimentary  segments. 
That  tlicse  may  become  fertile,  it  is  needful,  as  before,  for  the 
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containing  animal  to  be  devoured ;  so  that  the  imperrect  Tape- 
worm may  find  its  way  into  the  intestine  of  a  higher  animal. 
Thus  the  Bothriocephalus  solidus,  found  in  the  abdominal  carity 
of  the  Stickleback,  is  barren  while  it  remains  there ;  but  if  the 
Stickleback  is  eaten  by  a  Water-fowl,  the  reproductive  sjrstcm 
of  the  transferred  Bothriocephalus  becomes  developed  and 
active.  So,  too,  a  kind  of  Tape- worm  which  remains  infertile 
while  in  the  intestine  of  a  Mouse,  becomes  fertile  in  the  in- 
testine of  a  Cat  tbat  devours  the  mouse.  May  we  not  regard 
these  facts  as  ai^ain  showing  the  dependence  of  fertility  on 
nutrition  ?  Barrenness  here  accompanies  conditions  unfavour- 
able to  the  absorption  of  nutriment ;  and  it  gives  way  to 
fecundity  where  nutriment  is  large  in  quantity  and  superior 
in  quality. 

5  OoO.  Extrcraelv  si orni Scant  are  those  cases  of  partial 
reversion  to  primitive  forms  of  genesis,  that*  occur  under 
special  conditions  in  some  of  the  higher  Annulosa.  I  refer  to 
the  pseudo-parthenogenesis  and  metagenesis  in  Insects. 

Under  what  conditions  do  the  Aphides  exhibit  this  strange 
deviation  from  the  habits  of  their  order  P  Why  among  them 
should  imperfect  females  produce,  agamically,  others  like 
themselves,  generation  after  generation,  with  great  rapidity  P 
There  is  the  obvious  explanation  that  they  get  plenty  of 
easilv-assimilated  food  without  exertion.  Piercin?  the  tender 
coats  of  young  shoots,  they  sit  and  suck — appropriating  the 
nitrogenous  elements  of  the  sap  and  ejecting  its  saccharine 
matter  as  **  honey  dew.''  Along  with  a  sluggishness 
strongly  contrasted  with  the  activity  of  their  allies — ^along 
with  a  very  low  rate  of  consumption  and  a  correlative  degra* 
dation  of  structure ;  we  have  hera  a  retrogression  to  asexual 
genesis,  and  a  greatly-increased  rate  of  multiplication. 

The  recently- discovered  instance  of  internal  metagenesis 
in  the  maggots  of  certain  Flies  has  a  like  meaning.  In- 
credible as  it  at  first  seemed  to  naturalists,  it  is  now  proved  that 
the  CccydomiaAnTYti  develops  in  its  interior  a  brood  of  larvse 
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of  like  structure  >yith  itself.  la  this  case^  as  in  the  last,  abua- 
dant  food  is  combined  with  low  expenditure.  These  larvae  aro 
found  in  such  habitats  as  the  refuse  of  beet-root-sugar  fac* 
tories — masses  of  nitrogenous  (Ubris  remaining  after  the 
extraction  of  the  saccharine  matter.  Each  larva  has  a 
practically-unlimited  supply  of  sustenance  imbedding  iu  on 
all  sides. 

It  is  true  that  some  other  maggots,  as  those  of  the  Flesh-fly, 
are  similarly,  or  still  better,  circumstanced ;  and,  it  may  bo 
said,  ought  therefore  to  have  the  same  habit.  But  this  does 
not  necessarily  follow.  Survival  of  the  fittest  will  determine 
whether  such  specially-favourable  conditions  result  in  the 
aggrandisement  of  the  individual  or  in  the  multiplication  of 
the  race.  And  iu  the  case  of  the  Flesh-fly,  there  is  a  reason 
why  greater  individuation  rather  than  more  rapid  genesis 
will  occur.  Fop  :i  fleoomnosing  inimtil  body  lasts  so  short  a 
time,  that  were  Flesh-fly  larvo3  to  multiply  agamically,  the 
second  generation  would  die  from  the  disappearance  of  their 
food.  Hence,  individuals  in  which  the  excessive  nutrition 
led  to  internal  metagenesis,  would  leave  no  posterity;  and 
natural  selection  would  establish  the  variety  in  which  greater 
growth  resulted.  All  which  the  argument  requires  is,  that 
when  such  reversion  to  ogamogenesis  does  take  place,  it  shall 
be  where  the  food  is  unusually  abundant  and  the  expenditure 
unusually  small ;  and  this  the  cases  instanced  go  to  show. 

§  360.  The  physiological  lesson  taught  us  by  Bees  and 
Ants,  not  quite  harmonizing  with  the  moral  lesson  they  are 
{supposed  to  teach,  is  that  highly-fed  idleness  is  favourable  to 
icrtillty,  and  thut  excessive  industry  has  barrenness  for  its 
concomitant. 

The  egg  of  a  Bee  develops  into  a  small  barren  female  or 
into  a  large  fertile  female,  according  to  the  supply  of  food 
given  to  the  larva  hatched  from  it.  We  here  see  that  the 
germ-producing  action  is  an  overflow  of  the  surplus  remain- 
ing after  completion  of  the  individual ;  and  that  the  lower 
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feeding  which  the  larva  of  a  working  Bee  has,  results  in  a 
dwarfing  of  the  adult  and  an  arrested  deyelppment  of  the 
generative  organs.  Further^  we  have  the  fact  that  the  con- 
dition under  which  the  perfect  female^  or  mother-Bee,  goes 
on,  unlike  insects  in  general,  laying  eggs  continuously,  is 
that  she  has  plenty  of  food  brought  to  her,  is  kept  warm,  and 
goes  through  no  considerable  exertion.  While,  contrariwise, 
it  is  to  be  noted  that  the  infertility  of  the  workers,  is  asso- 
ciated with  the  ceaseless  labour  of  bringing  materials  for  the 
combs  and  building  them,  as  well  as  the  labour  of  feeding 
the  queen,  the  larvae,  and  themselves. 

Ants,  and  especially  some  of  the  tropical  kinds,  show 
us  these  relations  in  an  exaggerated  form.  The  differ- 
ence of  bulk  between  the  fecund  and  infecuad  females  is 
immensely  greater.  The  mother- Ant  has  the  reproductive 
system  so  enormously  developed,  that  the  remainder  of  her 
body  is  relatively  insignificant.  Entirely  incapable  of  loco- 
motion, she  is  unable  to  deposit  her  eggs  in  the  places  where 
they  are  to  be  hatched ;  so  that  they  have  to  be  carried  away 
by  the  workers  as  fast  as  they  are  extruded.  Her  life  is  thus 
reduced  substantially  to  that  of  a  parasite — an  absorption  of 
abundant  food  supplied  gratis,  a  total  absence  of  expendi- 
ture, and  a  consequent  excessive  rate  of  genesis.  "The 
queen-ant  of  the  African  Termiiea  lays  80,000  eggs  in  twenty- 
four  hours." 

§  361.  It  may  be  needful  to  say  that  Ihese  exceptional 
relations  cannot  be  ascribed  to  the  assigned  causes  acting 
alone.  The  extreme  fertility  which,  among  parasites  and 
social  insects,  accompanies  extremely  high  feeding,  and  an' 
expenditure  reduced  nearly  to  zero,  presupposes  typical  struc- 
tures and  tendencies  of  suitable  kinds;  and  these  are  not 
directly  accounted  for.  On  creatures  otherwise  organised, 
unlimited  supplies  of  food  and  total  inactivity  are  not  fol- 
lowed by  such  results.  There  of  course  requires  a  consti- 
tution fitted  to  the  special  conditions ;  and  the  evolution  oi 
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this  cannot  be  due  simply  to  plethora  joined  with  rest  These 
cases  are  given  as  illustrating  the  conditions  under  which 
extreme  exaltations  of  fertility  become  possible.  Their  mean- 
ings, thus  limited,  are  clear,  and  completely  to  the  point.  We 
see  in  them  that  the  devotion  of  nutriment  to  race-preserva- 
tion, is  carried  furthest  where  the  cost  of  self-preservation 
is  reduced  to  a  minimum;  and,  conversely,  that  nothing 
is  devoted  directly  to  race- preservation  by  individuals  on 
which  falls  an  excessive  expenditure  for  self-preservation  and 
preservation  of  other's  offspring. 
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in  youth  or  in  that  early  maturity  during  whioh  the  yigour 
is  the  greatest  and  the  digestion  the  best:  it  does  not 
habitually  accompany  the  highest  power  of  taking  up  nutri- 
tive materials.  When  fatness  arises  in  the  prime  of  life, 
whether  from  peculiarity  of  food  or  other  circumstanoei  it  is 
not  the  sign  of  an  increased  total  yitality.  On  the  contrary,  if 
great  muscular  action  has  to  be  gone  through,  the  fat  must 
be  got  rid  of— either,  as  in  a  man,  by  training,  or  as  in  a 
horse  that  has  grown  bulky  while  out  at  gross,  by  putting 
him  on  such   more  nutritive  diet  as  oats.  The 

frequency  of  senile  fatness,  both  in  domesticated  creatures 
and  in  ourselves,  lias  a  similar  implication.  Whether  we 
consider  the  smaller  ability  of  thoso  who  display  it  to  with- 
stand large  demands  on  their  powers,  or  whether  wo  consider 
the  comparatively-inforior  digestion  common  among-  them, 
TTo  see  that  the  increased  size  indicates,  not  an  abuudanco  of 
materials  which  the  organism  requires,  but  an  abundance  of 
materials  which  it  does  not  require.  Of  like  moan- 

ing is  the  fact  that  women  who  have  had  several  children, 
and  animals  after  they  have  gone  on  bearing  young  for  some 
time,  frequently  become  fat;  and  lose  their  fecundity  as 
they  do  this.  In  such  cases,  the  fatness  is  not  to  be  taken  as 
the  causa  of  the  infecundity;  but  the  constitutional  ex- 
haustion which  the  previous  production  of  oSSspring  has  left, 
shows  itself  at  once  in  the  failing  fecundity  and  the  com- 
mencing fatness.  There  is  yet  anpther  kind  of  evidence. 
Obesity  not  uncommonly  sets  in  after  the  system  has 
been  subject  to  debilitating  influences.  Often  a  serious  illness 
is  followed  by  a  corpulence  to  which  there  was  previously  no 
tendency.  And  the  prolonged  administration  of  mercury,  con- 
stitutionally injurious  as  it  is,  sometimes  produces  a  like  eflect. 
Closer  inquiry  verifies  the  conclusion  to  which  these  facts 
point.  The  microscope  shows  that  along  with  the  increase  of 
bulk  common  in  advanced  life,  there  goes  on  what  is  called 
"  fatty  degeneration :"  oil-globules  are  deposited  where  there 
should  be  particles  of  flesh — or  rather,  we  may  say,  the  hydro- 


liUTElTION   AND  GENESIS.  461 

carbonaceous  molecules  locally  produced  by  decomposition  of 
tbe  nitrogenous  molecules,  have  not  been  replaced  by  otbcr 
nitrogenous  molecules,  as  they  should  have  been.  This  fatty 
degeneration  is,  indeed,  a  kind  of  local  death.  Por  so  regard- 
ing it  wo  have  not  simply  the  reason  that  an  active  substance 
has  its  place  occupied  by  an  inert  substance ;  but  we  have 
the  reason  that  the  flesh  of  dead  bodies,  under  certain 
conditions,  is  transformed  into  a  fatty  matter  called  adipocere. 
The  infertility  that  accompanies  fatness  in  domestic  animals, 
bus,  however,  other  causes  than  that  declining  constitutional 
vigour  which  the  fatness  indicates.  Being  artificially  fed,  those 
animals  cannot  always  obtain  what  their  systems  need.  Thut 
which  is  given  to  them  is  often  given  expressly  because  ot'  its 
fattening  quality.  And  since  the  capacity  of  the  digestive 
apparatus  remains  the  same,  the  absorption  of  fat-producing 
materials  in  excess,  implies  defect  in  the  absorption  of  ma- 
terials from  which  the  tissues  are  formed,  and  out  of  waicii 
young  ones  are  built   up.  Moreover,  this  special 

feeding  with  a  view  to  rapid  and  early  fattening,  continued 
as  it  is  through  generations,  and  accompanied  as  it  is  by 
a  selection  of  individuals  and  varieties  which  fatten  most 
readily,  tends  to  establish  a  modified  constitution,  more  fitted 
for  producing  fat  and  correspondingly-less  fitted  for  producing 
flesh — a  constitution  which,  from  this  relatively-deficient  ab- 
sorption of  nitrogenous  matters,  is  likely  to  become  infertile  ; 
as,  indeed,  these  varieties  generally  become.  Hence, 

no  conclusions  respecting  the  eflects  of  high  nutrition,  pro- 
perly so  called,  can  be  drawn  from  cases  of  this  kind.  The 
cases  are,  in  truth,  of  a  kind  that  could  not  exist  but  for 
human  agency.  Under  natural  conditions  no  animal  would 
diet  itself  in  the  way  required  to  produce  such  results.  And 
if  it  did,  its  race  would  quickly  disappear.* 

*  It  U  worth  while  inqairing  whether  unfituesa  of  the  food  giren  to  them,  it 
not  the  chief  caiue  of  that  sterility  which,  ai  Mr.  Darwin  laya,  "  is  the  great 
bar  to  the  domestication  of  animals."  He  remarks  that  "when  animals  and 
plants  are  removed  from  their  natuiul  conditions,  they  are  extremely  liable  to 
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There  is  yet  another  mode  in  which  accomnlation  of  fat 
diminishes  fertility.  Even  supposing^  it  unaccompanied  by 
a  smaller  absorption  of  nitrogenous  materials,  it  is  still  a 
cause  of  lessening  the  surplus  of  nitrogenous  materials.  For 
the  repair  of  the  motor  tissues  becomes  moro  costly.  Fat 
stored-up  is  weight  to  be  carried.  A  creature  loaded  with 
inert  matter  must,  other  things  equal,  consume  a  greater 
amount  of  tissue-forming  substances  for  keeping  its  loco- 
motive apparatus  in  order ;  and  thus  expending  more  for  self- 
maintenance  can  expend  less  for  race-maintenance.  Abnormal 
plethora  is  thus  antagonistic  to  reproduction  in  a  double  way. 
It  ordinarily  implies  a  smaller  absorption  of  tissue- forming 
matters,  and  an  increased  demand  on  the  diminished  supply. 
Ilonce  fertility  decreiiseg  in  a  gooraetrical  progression. 

The  counter-conclusion  drawn  from  facts  of  this  class,  is, 
then,  due  to  Ji  misconcepcion  of  their  nature — a  misconception 
arising  partU'  from  the  circumstance  tliiit  the  increase  of  bulk 
produced  by  fat  is  somewhat  like  the  increase  of  bulk  which 
growth  of  tissues  causes,  and  partly  from  the  circumstance 
that  abundance  of  good  food  normally  produces  a  certain 
quantity  of  fat,  which,  within  narrow  limits,  is  a  valuable 
store  of  force-evolving  material.  lYhen,  however,  we  limit 
the  phrase  high  nutrition  to  its  proper  meaning — an  abun- 
dance of,  and  due  proportion  among,  all  the  substances  which 
the  organism  needs — we  find  that,  other  things  equal,  fertility 
always  increases  as  nutrition  increases.  And  we  see  that  these 
apparently- exceptional  cases,  are  cases  that  really  show  us  the 
same  thing ;  since  they  are  cases  of  relative  innutrition. 

have  their  reprodactive  STstema  serioiuly  affected."  Possibly  the  relative  or 
abaolate  arrest  of  genesis,  is  leas  due  to  a  direct  effect  on  the  reprodttctiye  sys- 
tem, than  to  a  changed  nutrition  of  which  the  reproductive  system  most  deariy 
shows  the  results.  The  matters  required  for  forming  an  embryo  are  in  a 
greater  proportion  nitrogenous  than  are  the  matters  required  for  maintain- 
ing an  adult  Hence,  an  animal  forced  to  live  on  insufBciently-nitrogenized 
food,  may  have  its  snrplus  for  reproduction  cut  off",  but  stiU  have  a  snffleiency 
to  keep  its  own  tissues  in  repair,  and  appear  to  be  in  good  health— meanwhile 
increasing  in  bulk  from  excess  of  the  non-nitrogenous  matters  it  cats. 


CHAPTER  X. 

SPECIALITIES  OF  THESE   RELATIO^iTS. 

§  356.  Tests  of  the  general  doctrines  set  forth  in  preceding 
chapters,  arc  aSbrded  by  organisms  uaviut^  modes  of  life  that 
diverge  widely  from  ordinary  modes.  Here,  as  elsewhere, 
aberrant  cases  yield  crucial  proofs. 

If  certain  oriniiiisms  aro  so  circumstanced  that  hiffhlv- 
nutritive  matter  is  supplied  to  them  without  stint,  and  they 
have  nothing  to  do  but  absorb  it,  we  may  infer  that  their 
I>owers  of  propagation  will  be  enormous. 

If  there  are  classes  of  creatures  that  expend  very  little  for 
self-support  in  comparison  with  allied  creatures,  a  relatively 
extreme  prolifibness  may  be  expected  of  them. 

Or  if,  again,  we  find  species  presenting  the  peculiarity 
that  while  some  of  their  individuals  have  much  to  do  and 
little  to  eat^  others  of  their  individuals  have  much  to  eat  and 
little  to  do,  we  may  look  for  great  fertility  in  these  last  and 
comparative  infertility  or  barrenness  in  the  SjrsL 

These  several  anticipations  we  shall  find  completely 
verified. 

§  357.  Plants  which,  liko  the  RcrfflesiacecB,  carry  their  para- 
sitism to  the  extent  of  living  on  the  juices  they  absorb  from 
other  plants,  exhibit  one  of  these  relations  in  the  vegetal 
kingdom.  In  them  the  organs  for  self-support  being  need- 
less, are  rudimentary;  and  the  parts  directly  or  indirectly 
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concerned  in  the  production  and  distribution  of  germs,  con- 
stitute the  mass  of  the  organism.  That  small  ratio  which 
the  race-preserving  structures  bear  to  the  self-prescrring 
structures  in  ordinary  Phoenogams,  is,  in  these  Pbtenogams, 
inverted.    A  like  relation  occurs  in  the  common  Dodder. 

There  may  be  added  a  kindred  piece  of  evidence  which  the 
Fungi  present.  Those  of  them  which  grow  on  living  plants, 
repeat  the  above  connection  completely ;  and  those  of  them 
which,  though  not  parasitic/nevertheless  subsist  on  organized 
materials  previously  elaborated  by  other  plants,  substantially 
repeat  it.  The  spore-producing  part  is  relatively  enormous ; 
and  the  fertility  is  far  greater  than  that  of  Cryptogams  of  like 
sizes,  which  have  to  form  for  themselves  the  organic  com- 
pounds of  which  they  and  their  germs  consist. 

§  o53.  The  same  lesson  is  taujylit  us  by  nniraal-pnrasitcs. 
Along  with  the  decreased  cost  of  Individuation,  they  similarly 
bhow  us  an  increased  expenditure  for  Genesis ;  and  they  show 
us  this  in  the  most  striking  manner  where  the  deviation  from 
ordinary  conditions  of  life  is  the  greatest. 

Take,  among  the  Epizoa,  such  an  instance  as  the  Nteot/ue. 
Belonging  to  the  JEntomoatraca,  both  males  and  females  of 
this  species  are,  in  their  early  days,  similar  to  their  allies ; 
and  the  males  continue  so  throughout  life.  Each  female, 
however,  presently  fixes  herself  on  the  skin  of  an  aquatic 
animal,  where  she  sits  and  sucks  its  juices,  enlarges  rapidly, 
and  undergoes  an  extremo  distortion  from  the  growth  of 
the  ovaries.  These,  bulging  out  from  her  sides,  become  lateral 
sacs,  each  of  which  attains  something  likd  three  times  her 
size ;  and  then  a  further  distortion  is  produced  by  two  vast 
egg*bags,  severally  larger  than  herself,  which  also  are  formed 
and  become  pendant.  So  that  the  germ-producing  organs  and 
their  contents,  eventually  ocquire  a  total  bulk  some  eight  or 
ten  times  that  of  the  rest  of  the  body,  ll^umerous  species  of 
this  type  and  habit,  repeat  this  relation  between  a  life  of  in- 
action with  high  feeding,  and  an  enormous  rate  of  genesis. 


SPECIALITIES  OF  THESE  RELATIONS.  4GS 

Entozoa  yield  us  many  examples  of  this  causal  relatioa, 
raised  to  a  still  higher  degree.     The  Oordius,  or  Hair-worm, 
is  a  creature  which,  fiading  its  way  wheu  young  into  thj 
body  of  an  insect,  there  grows  rapidly,  and  afterwards  emerg- 
ing to  breed,  lays  as  many  as  8,000,000  eggs  in  les3  than  a  day. 
Similarly   with   the    brger   types    that    infest    the    higher 
animals.     It  has  been  calculated  by  Dr.  Eschricht,  as  quoted 
by  Professor  Owen,  that  there  are  "  64,000,000  of  ova  in  the 
mature  female  Ascaria  Lumbricoides.  "    Even  a  still  greater 
fertility  occurs  among  the  cestoid  Entozoa.     Immersed  as  a 
Tape- worm  is  in  nutritive  liquid,  which  it  ubsorbi  through  its 
integument,  it  requires  no  digestive  apparatus.      The  room 
which  one  would  occupy,  and  the  matcriaU  it  would  use  up, 
are   therefore  available  for  grM-m-producIrii''  orr^-ma,     which 
nearly  till  each  scijmeiit:  each  segment,  sexually  complete  in 
itself,    is  little  else  than  an  enormous  rt* productive  svstem, 
with  just   enough  of  other  structures   lo    uliid  I:    L^^'jilicr. 
Remembering  that  the  Tape- worm,   retaining  its  hold,  con- 
tinues to  bud-out  such  segments  as  fast  as  the  fully- developed 
ones  are  cast  off,  and  goes  on  doing  this  as  long  as  the  infested 
individual  lives ;    we  see  that  here,  where  there  is  no  ex* 
penditure,  where  the  cost  of  individuation  is  reduced  to  tho 
greatest  extent  while  the  nutrition  is  the  highest  possible, 
the  degree  of  fertility  reaches  its  extreme.  These 

Entozoa  yield  us  further  interesting  evidence.  Of  their 
various  species,  most  if  not  all  undergo  passive  migration  from 
animal  to  animal  before  they  become  nature.  Usually,  the 
form  assumed  in  the  body  of  the  first  host,  is  devoid  of  all 
that  part  in  which  the  reproductive  structures  take  their  rise ; 
and  this  part  grows  and  develops  reproductive  structures, 
only  in  some  predatory  animal  to  which  its  first  host  falls  a 
sacrifice.  Occasionally,  however,  the  e^^  gives  origin  to  the 
sexual  form  in  the  animal  that  originally  swallowed  it,  but 
the  development  remaios  incomplete — there  is  no  sexual 
genesis,  no  formation  of  eggs  in  the  rudimentary  segments. 
That  tlicse  may  become  fertile,  it  is  needful,  as  before,  for  the 
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containing  animal  to  be  devoured;  so  that  the  imperfect  Tape- 
worm  may  find  its  way  into  the  intestine  of  a  higher  animal. 
Thus  the  BothriocepJialus  iolidus^  found  in  the  abdominal  cavity 
of  the  Stickleback,  is  barren  while  it  remains  there ;  but  if  tho 
Stickleback  is  eaten  by  a  Water-fowl,  the  reproductive  sjrstcm 
of  tho  transferred  Bothriocephalic  becomes  developed  and 
active.  So,  too,  a  kind  of  Tape- worm  which  remains  infertile 
while  in  the  intestine  of  a  Mouse,  becomes  fertile  in  the  in- 
testine of  a  Cat  that  devours  the  mouse.  May  we  not  regard 
these  facts  as  again  showing  the  dependence  of  fertility  on 
nutrition  ?  Barrenness  here  accompanies  conditions  unfavour- 
able to  the  absorption  of  nutriment ;  and  it  gives  way  to 
fecundity  where  nutriment  is  large  in  quantity  and  superior 
in  quality. 

§  359.  Extremely  siirnificant  are  those  cases  of  partial 
reversion  to  primitive  forms  of  genesis,  that' occur  under 
special  conditions  in  some  of  the  higher  Annuiosa,  I  refer  to 
the  pseudo-parthenogenesis  and  metagenesis  in  Insects. 

Under  what  conditions  do  the  Aphides  exhibit  this  strange 
deviation  from  the  habits  of  their  order  P  Why  among  them 
should  imperfect  females  produce^  agamically,  others  liko 
themselves,  generation  after  generation,  with  great  rapidity  P 
There  is  the  obvious  explanation  that  they  get  plenty  of 
easilv-assimilated  food  without  exertion.  Piercincf  the  tender 
coats  of  young  shoots,  they  sit  and  suck — appropriating  the 
nitrogenous  elements  of  the  sap  and  ejecting  its  saccharine 
matter  as  ''  honey  dew.''  Along  with  a  sluggishness 
strongly  contrasted  with  the  activity  of  their  allies — along 
wibh  a  very  low  rate  of  consumption  and  a  correlative  degra- 
dation of  structure ;  we  have  her3  a  retrogression  to  asexual 
genesis,  and  a  greatly-increased  rate  of  multiplication. 

The  recently- discovered  instance  of  internal  metagenesis 
in  the  maggots  of  certain  Flies  has  a  like  meaning.  In- 
credible as  it  at  first  seemed  to  naturalists,  it  is  now  proved  that 
tho  Ceci/domiaAaryti  develops  in  its  interior  a  brood  of  larvaa 
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of  like  stracture  with  itself.  la  this  case^  as  in  the  last,  abua- 
dant  food  is  combined  with  low  expenditure.  These  larvos  aro 
found  in  such  habitats  as  the  refuse  of  beet-root-sugar  fac- 
tories— masses  of  nitrogenous  dUbrU  remaining  after  tho 
extraction  of  the  saccharine  matter.  Each  larva  has  a 
practically-unlimited  supply  of  sustenance  imbedding  iu  on 
all  sides. 

It  is  true  that  some  other  maggots,  as  those  of  the  Flesh-fly, 
are  similarly,  or  still  better,  circumstanced ;  and,  it  may  bo 
said,  ought  therefore  to  have  the  same  habit.  But  this  does 
not  necessarily  follow.  Survival  of  the  fittest  will  determiae 
whether  such  specially-favourable  conditions  result  in  the 
aggrandisement  of  the  individual  or  in  the  multiplication  of 
the  race.  And  in  the  case  of  the  Flesh-flv,  there  13  a  reason 
why  greater  individuation  rather  than  more  rapid  genesis 
will  occur.  For  n  deconiposinG:  inimal  botlv  lasts  so  short  a 
time,  that  were  Flesh-fly  larvoo  to  multiply  agamicalh',  the 
second  generation  would  die  from  the  disappearance  of  their 
food.  Hence,  individuals  in  which  the  excessive  nutrition 
led  to  internal  metagenesis,  would  leave  no  posterity;  and 
natural  selection  would  establish  the  variety  in  which  greater 
growth  resulted.  All  which  the  argument  requires  is,  that 
when  such  reversion  to  agamogenesis  doe^  take  place,  it  shall 
be  where  the  food  is  unusually  abundant  and  the  expenditure 
unusually  small ;  and  this  the  cases  instanced  go  to  show. 

§  360.  The  physiological  lesson  taught  us  by  Bees  and 
Ants,  not  quite  harmonizing  with  the  moral  lesson  they  are 
supposed  to  teach,  is  that  highly-fed  idleness  is  favourable  to 
fertility,  and  thut  excessive  industry  has  barrenness  for  its 
concomitant. 

The  ^^^  of  a  Bee  develops  into  a  small  barren  female  or 
into  a  large  fertile  female,  according  to  the  supply  of  food 
given  to  the  larva  hatched  from  it.  TTe  here  see  that  the 
germ-producing  action  is  an  overflow  of  the  surplus  remain- 
ing after  completion  of  the  individual ;  and  that  the  lower 
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feeding  which  the  larva  of  a  working  Bee  has,  results  in  a 
dwarfing  of  the  adult  and  an  arrested  development  of  the 
generative  organs.  Further,  we  have  the  fact  that  the  con- 
dition under  which  the  perfect  femalei  or  mother-Bee,  goes 
on,  unlike  insects  in  general,  laying  eggs  oontinuouslyy  is 
that  she  has  plenty  of  food  brought  to  her,  is  kept  wann,  and 
goes  through  no  considerable  exertion.  While,  contrariwise, 
it  is  to  be  noted  that  the  infertility  of  the  workers,  is  asso- 
ciated with  the  ceaseless  labour  of  bringing  materiak  for  the 
combs  and  building  them,  as  well  as  the  labour  of  feeding 
the  queen,  the  larvaa,  and  themselves. 

Ants,  and  especially  some  of  the  tropical  kinds,  show 
us  these  relations  in  an  exaggerated  form.  The  diSbr- 
encc  of  bulk  between  the  fecund  and  infecund  females  is 
immensely  greater.  The  mother- Ant  has  the  reproductive 
system  so  enormously  developed,  that  the  remainder  of  her 
body  is  relatively  insignificant.  Entirely  incapable  of  loco- 
motion, she  is  unable  to  deposit  her  eggs  in  the  places  where 
they  are  to  be  hatched ;  so  that  they  have  to  be  carried  away 
by  the  workers  as  fast  as  they  are  extruded.  Her  life  is  thus 
reduced  substantially  to  that  of  a  parasite— an  absorption  of 
abundant  food  supplied  gratis,  a  total  absence  of  expendi- 
ture, and  a  consequent  excessive  rate  of  genesis.  ''The 
queen-ant  of  the  African  Termites  lays  80,000  eggs  in  twenty- 
four  hours." 

§  361.  It  may  be  needful  to  say  that  Ihese  exceptional 
relations  cannot  be  ascribed  to  the  assigned  caoses  acting 
alone.  The  extreme  fertility  which,  among  parasites  and 
social  insects,  accompanies  extremely  high  feeding,  and  an' 
expenditure  reduced  nearly  to  zero,  presupposes  typical  struc- 
tures and  tendencies  of  suitable  kinds;  and  these  are  not 
directly  accounted  for.  On  creatures  otherwise  organized, 
unlimited  supplies  of  food  and  total  inactivity  are  not  fol- 
lowed by  such  results.  There  of  course  requires  a  consti- 
tution fitted  to  the  special  conditions;  and  the  evolution  oi 
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this  cannot  be  due  simply  to  plethora  joined  with  rest.  These 
cases  ore  given  as  illustrating  the  conditions  under  which 
extreme  exoltations  of  fertility  become  possible.  Their  mean- 
ings,  thus  limited,  are  clear,  and  completely  to  the  point.  Wo 
800  in  them  that  the  devotion  of  nutriment  to  race^preservo- 
tion,  is  carried  farthest  where  the  cost  of  self-preservation 
is  reduced  to  a  minimum;  and,  conversely,  that  nothing 
is  devoted  directly  to  race*  preservation  by  individuals  on 
which  faUs  an  excessive  expenditure  for  self-preservation  and 
preservation  of  other's  oibpring* 


CHAPTER  XI. 

INTERPRETATION  AND  QUALIFICATION. 

§  362.  Considering  the  difiSculties  of  inductive  verification , 
:\-c  have,  I  think,  as  clear  a  correspondence  between  the 
d  priori  and  d  posteriori  conclusions,  as  can  be  expected.  The 
many  factors  co-operating  to  bring  about  the  result  in  every 
case,  are  so  variable  in  their  absolute  and  relative  amounts, 
that  we  can  rarely  disentangle  the  effect  of  each  one ;  and 
have  usually  to  be  content  with  qualified  inferences.  Though 
in  the  mass,  organisms  show  us  an  unmistakable  relation 
between  great  size  pnd  small  fertility ;  yet  special  comparisons 
among  them  are  nearly  always  partially  vitiated  by  difier- 
enccs  of  structure,  difibrences  of  nutrition,  differences  of 
expenditure.  Though  it  is  beyond  question  that  the  more 
complex  organisms  are  the  less  prolific;  yet  as  complexity  has 
a  certain  general  connexion  with  bulk,  and  in  animals  witii 
expenditure,  we  cannot  often  identify  its  results  as  inde- 
pendent of  these.  And,  similarly,  though  the  creatures  that 
waste  much  matter  in  producing  motion,  sensible  and  insen* 
sible,  have  lower,  rates  of  multiplication  than  those  which 
waste  less ;  yet,  as  the  creatures  which  waste  much  are 
generally  larger  and  more  complex,  we  are  again  met  by  an 
obstacle  which  limits  our  comparisons,  and  compels  us  to 
accept  conclusions  less  definite  than  are  desirable. 

Such  difiiculties  arise,  however,  only  when  we  endeavour, 
as  in  foregoing  chapters,    to   prove   the  inverse   variation 
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between  Genesis  and  each  separate  element  of  Individuatioa 
— growth,  development,  actiyitj.  We  are  scarcely  at  all 
hampered  by  qualifications  when,  from  contemplating  these 
special  relations,  we  return  to  the  general  relation.  The 
antagonism  between  Individuation  and  Genesis,  is  shown  by 
all  the  facts  that  have  been  grouped  under  each  head.  Wc 
have  seen  that  in  ascending  from^  the  lowest  to  the  highest 
types,  there  is  a  decrease  of  fertility  so  great  as  to  be  abso- 
lutely inconceivable,  and  even  inexpressible  by  figures ;  and 
whether  the  superiority  of  type  consists  in  relative  largeness, 
in  greater  complexity,  in  higher  activity,  or  in  some  or  ail  of 
these  combined,  mattei*s  not  to  the  ultimate  int'erence.  The 
broad  fact,  enough  for  us  here,  is  that  organisms  in  which 
the  integration  and  differentiation  or  matter  and  motion  have 
been  curried  furthest,  are  those  in  which  the  rate  of  muitipli- 
catiun  has  fallen  lowest.  ITow  mucii  of  the  decline  oi  repro- 
ductive power  is  due  to  the  |i>;reater  integi*ation  of  mutter, 
how  much  to  its  greater  difierentiation,  how  much  to  the 
larger  amounts  of  integrated  and  differentiated  motions  gene* 
rated,  it  may  be  impossible  to  say ;  and  it  is  not  needful  to 
say.  These  are  all  elements  of  a  higher  degree  of  life,  ah 
augmented  ability  to  maintain  the  organic  equilibrium  amid 
environing  actions — an  increased  power  of  self-preservation ; 
and  we  find  their  invariable  accompaniment  to  be,  a  dimi- 
nished  expenditure  of  matter,  or  motion,  or  both,  in  race- 
preservation. 

In  brief,  then,  examination  of  the  evidence  shows  that 
there  does  exist  that  relation  which  we  inferred  must  exist. 
Arguing  from  general  data,  we  saw  that  for  the  maintenance 
of  a  species,  the  ability  to  produce  offspring  must  be  great, 
in  proportion  as  the  ability  of  the  individuals  to  contend  with 
destroying  forces  is  small;  and  conversely.  Arguing  from 
other  general  data,  we  saw  that,  derived  as  the  self-sustain- 
ing and  race-sustaining  forces  are  from  a  common  btock  of 
force,  it  necessarily  happens  that,  other  things  equal,  increase 
of  one  involves  decrease  of  the  other.     And  then,  turning 
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to  special  facts,  we  have  found  that  this  inverse  variation  is 
clearly  traceable  throughout  both  the  animal  and  vegetal 
kingdoms.  We  may  therefore  set  it  down  as  a  law,  that 
every  higher  degree  of  organic  evolution,  has  for  its  con- 
comitant a  lower  degree  of  that  peculiar  organic  dissolution 
which  is  seen  in  the  production  of  new  organisms. 

§  363.  Something  remains  to  be  said  in  reply  to  the  in- 
quiry— how  is  the  ratio  between  Individuation  and  Qencsis 
established  in  each  case?  This  inquiry  has  been  but  partially 
answered  in  the  course  of  the  foregoing  argument. 

All  specialities  of  the  reproductive  process  are  due  to  the 
natural  selection  of  favourable  variations.  Whether  a  creature 
lays  a  few  large  eggs  or  many  small  ones  equal  in  weight  to 
the  few  large,  is  not  determined  by  any  physiological  neces- 
sity :  here  the  onlv  assicrnable  ciiti*?'^  is  tlie  ^'ur^^vnl  of  varieties 
in  which  the  matter  devoted  to  reproduction,  happens  to  bo 
divided  into  portions  of  such  size  and  number  as  most  to 
favour  multiplication.      Whether  in  any    case    there    aro 
frequent  small  broods  or  larger  broods  at  longer  intervals, 
depends  wholly  on  the  constitutional  peculiarity  that  lius 
arisen  from  the  dying  out  of  families  in  which  the  sizes  and 
intervals  of  the  broods  were  least  suited  to  the  conditions  of 
life.     Whether  a  species  of  animal  produces  many  o&pring 
of  which  it  takes  no  care  or  a  few  of  which  it  takes  much 
care — that  is,  whether  its  reproductive  surplus  is  laid  out 
wholly  in  germs  or  partly  in  germs  and  partly  in  labour  on 
their  behalf — must  have  been  decided  by  that  moulding  of 
constitution  to  conditions,  slowly  effected  through  the  more 
frequent  preservation  of  descendants  from  those  whose  re- 
productive   habits    were    best    adapted    to    the    circum- 
stances of  the  species.     Given  a  certain  surplus  available 
for    race-preservation,    and    it    is   clear   that    by   indirect 
equilibration  only,  can  there  be   established   the  more    or 
less   peculiar  distribution  of  this  surplus  which  we  see  in 
each  case.  Obviously,  too,  survival  of  the  fittest 
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has  a  sbare  ia  detcrminiiig  the  proportioa  betvrecn  the 
amount  of  matter  that  goes  to  Indiyiduation  and  the  amount 
that  goes  to  Genesis.  Whether  the  interests  of  the  species 
are  most  subserred  by  a  higher  eToIution  of  the  individual 
joined  with  a  diminished  fertility,  or  by  a  lower  evolution  of 
the  individual  joined  with  an  increased  fertility,  are  ques- 
tions ever  being  experimentally  answered.  If  tho  more- 
developed  and  less-prolifio  variety  has  a  greater  number  of 
survivors,  it  becomes  established  and  predominant.  If,  con- 
trariwise, the  coniitions  of  life  being  simple,  tho  larger  or 
more-organized  individuals  gain  nothing  by  their  greater  size 
or  better  organization ;  then  the  greater  fertility  of  the  less 
evolved  ones,  will  insure  to  their  descendants  an  iucreasing 
predominance. 

But  direct  equilibration  all  along  maintains  tho  limits 
within  which  indirect  equilibration  thus  works.  The 
necessary  antagonism  we  have  traced,  rigidly  restricts  tho 
changes  that  natural  selection  can  produce,  under  given  con- 
ditions, in  either  direction.  A  greater  demand  for  Individua- 
tion, be  it  a  demand  caused  by  some  spontaneous  variation  or 
by  an  adaptive  increase  of  structure  and  function,  inevitably 
diminishes  the  supply  for  Genesis;  and  natural  selection 
cannot,  other  things  remaining  the  same,  restore  the  rate  of 
Genesis  while  tho  higher  Individuation  is  maintained.  Con- 
versely, survival  of  the  tittedt,  acting  on  a  species  that  bos, 
by  spontaneous  variation  or  otherwise,  become  more  prolitic, 
cannot  again  raise  its  lowered  Individuation,  so  long  as  every- 
thing else  continues  constant. 

§  364.  Here,  however,  a  qualification  must  be  made.  It 
was  parenthetically  remarked  in  §  327  that  the  inversto  varia- 
tion between  Individuation  and  Genesis  is  not  exact ;  and  it 
was  hinted  that  a  slight  modification  of  statement  would  be 
requisite  at  a  more  advanced  stage  of  the  argument  We 
have  now  reached  the  proper  place  for  specifying  this 
modiHcation. 
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Each  increment  of  evolution  entails  a  decrement  of  ro« 
production  tbatis  not  accurately  proportionate,  but  somewhat 
less  than  proportionate.  The  gain  in  the  one  direction  is  not 
wholly  canceled  by  a  loss  in  the  other  direction,  but  only 
partially  canceled :  leaving  a  margin  of  profit  to  the  species. 
Though  augmented  power  of  self-maintenance  habitually 
necessitates  diminished  power  of  race-propagation,  yet  the 
product  of  the  two  factors  is  greater  than  before ;  so  that  the 
forces  preservative  of  toco  become,  thereafter,  in  excess  of  the 
forces  destructive  of  race,  and  the  race  spreads.  We  shall 
soon  see  why  this  happens. 

Each  advance  in  evolution  implies  an  economy.     That  any 
increase  in  bulk,  or  structure,  or  activity,  may  become  esta- 
bli:$hed,  the  life  of  the  orn^anism  muse  be  to  some  extent 
facilitated  by  the  change — the  cost  of  self-support  must  be, 
oil  the  average,  reduced.     If  the  greater  complexity,  or  tho 
larger  size,  or  the  more  agile  movement,  entails  on  the  in- 
dividual an  outlay  that  is  not  repaid  in  food  more-easily 
obtained,  or  danger  more-easily  escaped ;  then  the  individual 
will  be  at  a  relative  disadvantage,  and  its  diminished  posterity 
•will  disappear.     If  the  extra  outlay  is  but  just  made  good 
by  the  extra  advantage,  the  modified  individual  will  not  sur- 
vive longer,  or  leave  more  descendants,  than  the  unmodified 
individuals.     Consequently,  it  is  only  when  the  expense  of 
greater  individuation  is  out-balanced  by  a  subsequent  saving, 
thut  it  can  tend  to  subserve  the  preservation  of  the  indi- 
vidual;   or,  by  implication,   the  preservation  of  the  race. 
The  vital    capital   invested  in    the  alteration  must  bring 
a  more  than  equivalent  return.  A  few  instances 

will  show  that,  whether  the  change  results  from  direct 
equilibration  or  from  indirect  equilibration,  this  most  happen. 
Suppose  a  creature  takes  to  performiug  some  act  in  an  un- 
usual way — leaps  where  ordinarily  its  kindred  crawl,  eludes 
pursuit  by  diving  instead  of,  like  others  of  its  kind,  by  swim- 
ming along  the  surface,  escapes  by  doubling  instead  of  by  sheei 
speed.    Clearly,  perseverance  in  the  modified  habit  will,  other 
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things  equal,  imply  that  it  takes  leas  effort.  The  creature's 
Bcnsations  will  ever  prompt  desistance  from  the  more  laborious 
course;  and  henco  a  congenital  habit  is  not  likely  to  be 
diverged  from  unless  an  economy  of  force  is  achieved  by  the 
divergence.  Assuming,  then,  that  the  new  method  has  no 
advantage  over  the  old  in  directly  diminishing  the  chances 
of  death,  the  establishment  of  it,  and  of  the  structural 
complications  involved,  nevertheless  implies  a  physiological 
gain.  Suppose,  again,  that  an  animal  takes  to  some 
abundant  food  previously  refused  by  its  kind.  It  is  likely  to 
persist  only  if  that  the  comparative  ease  in  obtaining  tliis 
food,  more  than  compensates  for  any  want  of  adaptation  to  its 
digestive  organs;  so  that  superposed  modifications  of  the 
digestive  organs  are  likely  to  ari^c  ouiy  when  an  averai^a 
cconomv  results.  \Vhat  now  muse  be  the  iuflueiice 

on  the  creature's  svsicm  as  a  whole?  Diminished  exDcuditure 
in  any  direction,  or  increased  nutrition  however  eifcctud, 
will  leave  a  greater  surplus  of  materials.  The  animal  will  be 
physiologically  richer.  Part  of  its  augmented  wealth  will  go 
towards  its  own  greater  individuation — its  size,  or  its  strength, 
or  both,  will  increase;  while  another  part  will  go  towards 
more  active  genesis.  Just  as  a  state  of  plethora  directly 
produced  enhances  fertility;  so  will  such  a  state  iudircctly 
produced. 

In  another  wav,  the  same  thin^  musti  result  from  those 
additions  to  bulk  or  complexity  or  activity  that  are  duo  to 
survival  of  the  fittest.  Any  change  which  prolongs  individual 
lift,  will,  other  things  remaining  the  same,  furthp4:^thc  pro- 
duction of  of&pring.  Even  when  it  is  not,  like  the  foregoing, 
a  means  of  economizing  the  forces  of  the  individual,  still,  if  it 
increases  the  chances  of  escaping  destruction,  it  increases  the 
chances  of  leaving  posterity.  Any  further  degree  of  evolution, 
therefore,  will  be  so  established  only  where  the  cost  of  it  is 
more  than  repaid;  part  of  the  gain  being  shown  in  the 
lengthened  life  of  tho  individual,  and  part  in  the  greater 
production  of  other  individuals. 
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We  have  here  the  solution  of  various  minor  anomalies  by 
which  the  inverse  variation  of  Individuation  and  Genesis  is 
obscured.     Take  as  an  instance  the  fertility  of  the  Blackbird 
as  compared  with  that  of  the  Linnet;  Both  birds  lay  five  eg^ip, 
and  both  usually  have  two  broods.     Yet  the  Blackbird  is  far 
the  larger  of  the  two ;  and  ought,  according  to  the  general 
law,  to  bo  much  less  prolific.     Wliat  causes  this  noncon- 
formity P    We  shall  find  an  answer  in  their  respective  foods 
and  habits.     Except  during  the  time  that  it  is  rearing  its 
young,  the  Linnet  collects  only  vegetal  food — lives  during 
the  winter  on  the  seeds  it  finds  in  the  fields,  or,  when  hard 
pressed,  picks  up  around  farms;   and  to  obtain  this  spare 
diet  is  continually  flvinor  about.    The  result,  if  it  survives  tlie 
frost  and  snow,  is  a  considerable  depletion;  and  it  recovers 
its  condition  only  after  some  length  of  spring  weather.     The 
Blackbird,  on  the  other  hand,  is  omnivorous :  while  it  eats 
grain  and  fruit  when  they  come  in  its  way,  it  depends  largely 
on  animal  food.   It  cuts  to  pieces  and  devours  the  dew- worms 
which,  morning  and  evening,  it  finds  on  the  surface  of  a  lawn, 
and,  even  discovering  where  they  are,  unearths  them;  it 
swallows  slugs,  and  breaking  snail-shells,  either  with  its  beak 
or  by  hammering  them  against  stones,  tears  out  their  tenants; 
and  it  eats  beetles  and  larvse.    Thus  the  strength  of  tho 
Blackbird  opens  to  it  a  store  of  good  food,  much  of  which  is 
inaccessible  to  so  small  and  weak  a  bird  as  a  Linnet — a  store 
especially  helpful  to  it  during,  the  cold  months,  when  the 
hybernating  Snails  in  hedge-bottoms  yield  it  abundant  pro* 
vision.     The  result  is  that  the  Blackbird  is  ready  to  br^ 
very  early  in  spring ;  and  is  able  during  tho  summer  to  rear 
a  second)  and  sometimes  even  a  third,  brood.    Here,  then,  a 
higher  degree  of  Individuation  secures  advantages  so  great, 
as  to  much  more  than  compensate  its  cost :  it  is  not  that  the 
decline  of  Genesis  is  less  than  proportionate  to  the  increase  of 
Individuation,  but  there  is  no  decUne  at  all.  Com- 

parison of  the  Bat  with  the  Mouse  yields  a  parallel  result 
Though  they  differ  greatly  in  size,  yet  the  one  is  as  prolific 
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as  the  other.     This  absence  of  diSerence  cannot  be  ascribed 
to  their  unlike  degrees  of  activity.   We  must  seek  its  cause  in 
some  facility  of  living  secured  to  the  Hat  by  its  greater  intel- 
h'gence,  greater  power  and  courage,  greater  ability  to  utilize 
what  it  finds.    The  Rat  is  notoriously  cunning;    and  its 
cunning  gives  success  to  its  foraging  expeditions.     It  is  not, 
like  the  Mouse,  limited  mainly  to  vegetal  food ;  but  while  it 
eats  grain  and  beans  like  the  House,  it  also  eats  flesh  and 
carrion,  devours  young  poultry  and  eggs.    The  result  is  that, 
without  a  proportionate  increase  of  expenditure,  it  gets  a  far 
larger  supply  of  nourishment  than  the  House ;  and  this  rela- 
tive excess  of  nourisliment  makes  possible  a  large  size  without 
a  smaller  rate  of  multiplication.     IIow  clearly  this  13  tho 
cause,  we  see  in  the  contrast  between  tho  common  Rat  and 
the   AVater-Rat.     While   the  common  Rat  has   habitually 
several  brooils  a  year  of  from  10  to  12  each,  tho  Water-Rat, 
though  somewhat  smaller,  has  but  5  or  0  in  a  brood,  and  but 
one  brood,  or  sometimes  two  broods,  a-year.    But  the  Water- 
Rat  lives  on  vegetal  food — lacks  all  that  its  bold,  sagacious, 
omnivorous  congener,  gains  from  the  warmth  as  well  as  the 
abundance  which  men's  habitations  yield. 

The  inverse  variation  of  Individuation  and  Oenesis  is, 
therefore,  but  approximate.  Recognizing  the  truth  that 
every  increment  of  evolution  which  is  appropriate  to  the 
circumstances  of  an  organism,  brings  an  advantage  somewhat 
in  excess  of  its  cost ;  we  see  the  general  law,  as  more  strictly 
stated,  to  be  that  Genesis  decreases  not  quite  so  fast  as  In- 
dividuation  increases.  Whether  the  greater  Individuation 
takes  the  form  of  a  larger  bulk  and  accompanying  access  of 
strength  ;  whether  it  be  shown  in  higher  speed  or  agility ; 
whether  it  consists  in  a  modification  of  structure  that 
facilitates  some  habitual  movement,  or  in  a  visceral  change 
that  helps  to  utilize  better  the  absorbed  aliment ;  the  ultimate 
effect  is  identical.  There  is  either  a  more  economical  per- 
formance of  the  same  actions,  internal  or  external,  or  there 
is  a  securing  of  greater  advantages  by  modified  actions,  which 
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cost  no  more,  or  have  an  increased  cost  less  than  the  in- 
creased gain.  In  any  case,  the  result  is  a  greater  surplus  of 
vital  capital;  part  of  which  goes  to  the  aggrandisement 
of  the  individual,  and  part  to  the  formation  of  new  in- 
dividuals. While  the  higher  tide  of  nutritive  matters, 
everywhere  filling  the  parent-organism,  adds  to  its  power  of 
self-maintenance,  it  also  causes  a  reproductive  overflow  larger 
than  before. 

Hence  every  type  that  is  best  adapted  to  its  conditions, 
which  on  the  average  means  every  higher  type,  has  a  rate  of 
multiplication  that  insures  a  tendency  to  predominate. 
Survival  of  the  fittest,  acting  alone,  is  ever  replacing  in- 
ferior species  by  superior  species.  But  beyond  the  longer 
urviviiL  and  thercioro  greater  chance  of  leaving  ofFipring", 
which  superiority  gives,  we  see  hero  another  way  in  which 
the  spread  of  the  superior  is  in-Mircd.  Though  the  morc- 
cvolvcd  organism  is  the  less  fertile  absolutely,  it  is  the  more 
fertile  relatively. 


CEAPTER  XII. 

MULTIPLICATION    OF   THE    HUIIAN    RACE. 

§  265.  The  relative  fertility  of  ^on  considered  as  a  species, 
and  those  changes  in  Man's  fertility  which  occur  under 
changed  conditions,  must  couibrm  to  the  laws  which  we  have 
traced  thus  far.  As  a  matter  of  course,  the  inverse  variation 
between  Individuation  and  Ghcnesis,  holds  of  him  cis  of  all 
other  organized  beinQ:d.  His  extremclv  low  rate  of  raultinli- 
cation — ^far  below  that  of  all  terrestrial  Mammals  except  the 
Elephant,  (which  though,  otherwise  less  evolved,  is,  in  extent 
of  integrationi  moro  evolved) — we  shall  recognize  as  the 
necessary  concomitant  of  his  much  higher  evolution.  And 
the  causes  of  increase  or  decrease  in  his  fertility,  special  or 
general,  temporary  or  permanent,  we  shall  expect  to  find  in 
those  changes  of  bulk,  of  structure,  or  of  expenditure,  which 
we  have  in  all  other  cases  seen  associated  with  such  eifects. 

In  the  absence  of  detailed  proof  that  these  parallelisms 
exist,  it  might  suffice  to  contemplate  the  several  communities 
between  the  reproductive  fanctioxi  in  human  beings  and  other  ,^^^ 
beings.  I  do  not  refer  simply  to  the  fact  that  genesis  pro- 
ceeds in  a  similar  manner ;  but  I  refer  to  the  similarity  of 
the  relation  between  the  generative  function  and  the  func- 
tions that  have  for  their  joint  end  the  preservation  of  the 
individual.  In  Man,  as  in  other  creatures  that  expend  much, 
genesis  commences  only  when  growth  and  development  are 
declining  in  rapidity  and  approaching  their  termination. 
Among  the  higher  organisms  in  general,  the  reproductive 
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activity,  continuing  during  the  prime  of  life,  ceases  i^hen  the 
vigour  declinesi  leaving  a  closing  period  of  infertility;  and  in 
like  manner  among  ourselves,  barrenness  supervenes  when 
middle  age  brings  the  surplus  vitality  to  an  end.  So,  too, 
it  is  found  that  in  Man,  as  in  beings  of  lower  orders,  there  is 
a  period  at  which  fecundity  culminates.  In  §  341,  facts  were 
cited  showing  that  at  the  commencement  of  the  reproductivo 
period,  animals  bear  fewer  o£Espring  than  afterwards;  and 
that  towards  the  close  of  the  reproductive  period,  there  is  a 
decrease  in  the  number  produced.  In  like  manner  it  is  shown 
by  the  tables  of  Dr.  Duncan's  recent  work,  that  the  fecundity 
of  women  increases  up  to  the  age  of  about  25  years;  and 
continuing  high  with  but  slight  diminution  till  after  30, 
then  <rraduallv  wanes.  It  is  the  same  with  the  sizes  and 
weights  of  offspring.  Infants  born  of  women  from  25  to  29 
rears  of  aq:o,  nro  both  loncrcr  and  heavier  ^han  infants  born 
of  younger  or  older  women ;  and  this  difference  has  the  same 
implication  as  the  greater  total  weight  of  the  offspring  pro- 
duced at  a  birth,  during  the  most  fecund  age  of  a  pluriparous 
animal.  Once  more,  there  is  the  fact  that  a  too-early  bearing 
of  young  produces  on  a  woman  the  same  injurious  effects  as 
on  an  inferior  creature — an  arrest  of  growth  and  an  enfeeble* 
ment  of  constitution. 

Considering  these  general  and  special  parallelisms,  we 
might  safely  infer  that  variations  of  human  fertility  conform 
to  the  same  laws  as  do  variations  of  fertilitv  in  <?eneral. 
But  it  is  not  needful  to  content  ourselves  with  an  implication. 
Evidence  is  assignable  that  what  causes  increase  or  decrease 
of  .genesis  in  other  creatures,  causes  increase  or  decrease  of 
genesis  in  Man.  It  is  true  that,  even  more  than  hitherto,  our 
reasonings  are  beset  by  difficulties.  So  numerous  are  the 
inequalities  in  the  conditions,  that  but  few  unobjectionable 
comparisons  can  be  made.  The  human  races  differ  consider- 
ably in  their  sizes,  and  notably  in  their  degrees  of  cerebral 
development.  The  climates  they  inhabit  entail  on  them 
widely  different  consumptions  of  matter  for  maintenance  of 
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temperature.  Both  in  their  qaalLtie3  and  quantitiea,  the 
foods  they  live  on  are  unlike ;  and  the  supply  is  here  regular 
and  there  very  irregular.  Their  expenditures  in  bodily  action 
are  extremely  unequal;  and  even  still  more  unequal  are 
their  expenditures  in  mental  action.  Hence  the  factors, 
varying  so  much  in  their  amounts  and  combinations,  can 
scarcely  ever  hare  their  respective  effects  identified.  Never- 
theless there  are  a  few  comparisons,  the  results  of  which  may 
withstand  criticism. 

§  866.  The  increase  of  fertility  caused  by  a  nutrition  that 
is  greatly  in  excess  of  the  expenditure,  is  to  be  detected  by 
contrasting^  popuktions  of  the  same  race,  or  allied  races, 
one  of  which  obtains  good  and  abundant  sustenance  much 
more  easily  than  the  other.  Three  cases  may  hero  be  sec 
down. 

The  traveller  Barrow,  describing  the  Cape- Boors,  says : — 
"  Unwilling  to  work  and  unable  to  think/'  •  •  •  "  indulging 
to  excess  in  the  gratification  of  every  sensual  appetite,  the 
African  peasant  grows  to  an  unwieldy  size ;  '*  and  respecting 
the  other  sex,  he  adds — "  the  women  of  the  African  peasantry 
lead  a  life  of  the  most  listless  inactivity."  Then,  after  illus- 
trating these  statements,  he  goes  on  to  note  ''the  prolific 
tendency  of  all  the  African  peasantry.  Six  or  seven  children 
in  a  family  are  considered  as  very  few;  from  a  dozen  to 
twenty  are  not  uncommon/'  The  native  races  uf 

this  region  yield  evidence  to  the  same  effect.  [Speaking  of 
the  cruelly- used  Hottentots  (he  is  writing  sixty  years  ago), 
who,  while  they  are  poor  and  ill- fed,  have  to  do  all  the  work 
for  the  idle  Boors,  Barrow  says  that  they  "  seldom  have  more 
than  two  or  three  children  ;  and  many  of  the  women  are 
barren."  This  unusual  infertility  stands  in  remarkable  con- 
trast with  the  unusual  fertility  of  the  Kaffirs,  of  whom  he 
afterwards  gives  an  account.  Bich  in  cattle,  leading  easy 
lives,  and  living  almost  exclusively  on  animal  food  (chiefly 
milk  with  occasional  flesh),  these  people  were  then  reputed 
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to  ha 76  a  very  high  rate  of  multiplication.  Barroir  writes  :^- 
"Thej  are  said  to  be  exceedingly  prolific;  that  twins  are 
almost  as  frequent  as  single 'births,  and  that  it  is  no  un- 
common thing  for  a  woman  to  have  three  at  a  time/'  Pro- 
bably both  these  statements  are  in  excess  of  the  truth ;  but 
there  is  room  for  largo  discounts  without  destroying  the 
extreme  difference.  A  third  instance  is  that  of  the 

French  Canadians.    **Nau8  sommes  terribki  pour  lea  en/ania  P* 
observed  one  of  them  to  Prof.  Johnston ;  who  tells  us  that 
the  man  who  said  this  "  was  one  of  fourteen  children — was 
himself  the  father  of  fourteen,  and  assured  me  that  from 
eight  to   sixteen  was   the  usual   number  of  the  farmers' 
families.      He  even   named  one   or  two   women   who  had 
broui^ht  their  husbands  five-and-twentv,  and  threatened  '  le 
vingt-sizieme  pour  ie  priire,'  '*     From  these  large  families, 
joined  with  the  early  marriages  and  low  rate  of  mortality,  it 
results  that,  by  natural  increase,  "there  are  added  to  the 
French- Canadian  population  of  Lower  Canada  four  persons 
for  every  one  that  is  added  to  the  population  of  England." 
Now  these  French-Canadians  are  described  by  Prof.  Johnston 
as  home-loving,  contented,  unenterprising;  and  as  living  in 
a  legion  where  "  land  and  subsistence  are  easily  obtained.*' 
Very  moderate  industry  brings  to  them  liberal  supplies  of 
necessaries  ;  and  they  pass  a  considerable  portion  of  the  year 
ill  idleness.     Hence  the  cost  of  Individuation  being  much 
reduced,  the  rate  of  Genesis  is  much  increased.     That  this 
uncommon  fertility  is  not  due  to  any  direct  influence  of  the 
locality,  is  implied  by  the  fact  that  idong  with  the  "  restleM, 
discontented,  striving,  burning  energy  of  their  Saxon  neigh- 
bours" no  such  rate  of  multiplication  is  observed;  while 
further  south,  where  the  physical  circumstances  are  more 
favourable  if  anything,  the  Anglo-Saxons,  leading  lives  of 
excessive  activity,  have  a  fertility  below  the  average.    And 
that  the  peculiarity  is  not  a  direct  effect  of  race,  is  proved  by 
the  fact  that  in  Europe,  the  rural  French  are  certainly  not 
moro  prolific  than  the  rural  English. 
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To  every  reader  there  will  probably  occur  the  secmiugly 
adverse  evidence  furnished  by  the  Irish ;  who,  though  not 
well  fed,  multiply  fust.  Part  of  this  more  rapid  increase  is 
duo  to  the  earlier  marriages  common  among  them,  and  con- 
sequent quicker  succession  of  generations — a  factor  which, 
as  wo  have  seen,  has  a  larger  effect  than  any  other  on  the 
rute  of  multiplication.  Part  of  it  is  due  to  the  greater 
generality  of  marriage — to  the  comparative  smalluess  of  the 
number  who  die  without  having  had  the  opportunity  of  pro- 
ducing ofiVpring.  The  effects  of  these  causes  having  been 
deducted,  we  muv  doubt  whether  the  Irish,  individually  con- 
sidored,  would  be  found  more  prolific  than  the  Engli.sli. 
Perhaps,  however,  it  will  be  said  that,  considering  their  diet, 
tlicy  oiigiit  to  be  less  proliiic.  This  is  by  no  means  obvious. 
It  is  not  simply  a  question  of  nutriment  absorbed:  it  is  u 
cjuc^jtion  of  how  much  remains  after  the  expenditure  in  sclf- 
uiaintenance.  2so\y  a  notorious  peculiarity  in  the  life  of  liio 
Irish  peasant,  is,  that  he  obtains  a  return  of  food  that  is  large 
in  proportion  to  his  outlay  in  labour.  The  cultivation  of  his 
potatoe-ground  occupies  each  cottager  but  a  small  part  of  the 
year ;  and  the  domestic  economy  of  his  wife  is  not  of  a  kind 
to  entail  on  her  much  daily  exertion.  Consequently,  the  crop, 
tolerably  abundant  in  quantity  though  innutritive  in  qualify, 
very  possibly  suffices  to  meet  the  comparatively-low  expendi- 
ture, and  to  leave  a  good  surplus  for  genesis — perhaps  a 
greater  surplus  than  remains  to  the  males  and  females  of  the 
English  peasantr}%  who,  though  fed  on  better  food,  are 
harder  worked. 

We  conclude,  then,  that  in  the  hii(&an  race,  as  in  all  other 
rades,  such  absolute  or  relative  abundance  of  nutriment  as 
leaves  a  large  excess  after  defraying  the  cost  of  carrying  on 
parental  life,  is  accompanied  by  a  high  rate  of  genesis.* 

*  This  is  exactly  the  revexBa  of  Mr.  Donbleday's  doctrine ;  which  is  that 
ihronghont  both  the  soimal  and  Tcgetal  kingdoms,  "  over-feeding  checks  in- 
crease ;  whilst,  on  the  other  hand,  a  limited  or  deficient  nutriment  stimn- 
ktes  and  adds  to  it"     Or,  as  he  elsewhere  says — "Be  the  range  of  the 
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§  867.  Evidence  of  the  converse  truth,  that  rclatiye  in- 
crease of  expenditure,  leaving  a  diminished  surplus,  reduces 
the  degree  of  fertility,  is  not  wanting.  Some  of  it  has  been 
set  down  for  the  sake  of  antithesis  in  the  foregoing  section. 
Here  may  be  grouped  a  few  facts  of  a  more  special  kind 
having  the  same  implication. 

To  prove  that  much  bodily  labour  renders  women  less 
prolific,  requires  more  evidence  than  is  obtainable.  Some  evi* 
dence,  however,  may  be  set  down.  De  Boismont  in  France  and 
Dr.  Szukits  in  Austria,  have  shown  by  extensive  statistical 
comparisons,  that  the  reproductive  age  is  reached  a  year 
later  by  women  of  the  labouring  class  than  by  middle-class 
women ;  and  while  ascribing  this  delay  in  part  to  inferior 

natural  poirer  to  increase  in  any  species  what  it  may,  the  plethoric  stito 
Inrariably  checks  ic  and  tho  iieplethoric  state  invariably  develops  it ;  and  this 
liappcns  in  the  exact  ratio  of  the  intensity  and  completeness  of  each  state, 
until  nach  Mtate  be  carried  so  far  as  to  bring  about  the  actual  death  of  cho 
animal  or  plant  itself." 

I  have  space  here  only  to  indicate  the  mi»interpretatioiu  on  which  3Ir. 
Doubleday  has  based  hia  argument. 

In  the  fir^t  place,  he  has  confonnded  normal  plethora  irith  what  I  hare,  in 
§  353,  distitt;(uished  as  abnormal  plethora.  The  cases  of  infertility  socom* 
panying  fatness,  which  he  cites  in  proof  that  over-feeding  checks  inercsse,  are 
not  cases  of  high  nutrition  properly  so  called ;  bat  cases  of  snch  defective 
absorption  or  assimilation  as  constitutes  low  nutrition.  In  Chap.  IX,  abun- 
dant  proof  was  given  that  a  truly  plethoric  state  is  an  unusually  fertile  state. 
It  may  be  added  that  much  of  the  evidence  by  which  Mr.  Doubleday  seeks  to 
show  that  among  men,  highly-fed  classes  are  infertile  classes,  may  be  out- 
balanced by  counter-evidence.  Many  years  ago  Mr.  Lewes  pointed  this  out : 
extracting  from  a  book  on  the  peerage,  the  names  of  16  peers  who  had,  at  that 
time,  186  children  ;  giving  an  average  of  11*6  in  a  family. 

Mr.  Doubleday  insists  much  on  the  snppcnrt  given  to  his  theory  by  the 
barrenness  of  very  luxuriant  plants,  and  the  fniitfnlness  produced  in  plants 
by  depletion.  Had  he  been  awara  that  the  change  from  barrennesi  to  fruit- 
fulness  in  plants,  is  a  change  from  agamogenesis  to  gamogenesis — had  it  been  as 
well  known  at  the  time  when  he  wrote  as  it  is  now,  that  a  tree  which  goes  on 
patting  out  sexless  shoots,  is  so  producing  new  individuals ;  and  that  when  it 
begins  to  bear  fruit,  it  simply  begins  to  produce  new  individuals  after  another 
manner — he  would  have  perceived  that  facts  of  this  class  do  not  tell  in  bis 
avour. 

In  the  law  which  Mr.  Doubleday  alleges,  he  sees  a  guarantee  for  the  main* 
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nutrition,  we  may  suspect  that  it  is  in  part  due  to  greater 
muscular  expenditure.  A  kindred  fact,  admitting  of  a 
kindred  interpretation,  may  be  added.  Though  the  com- 
paratively-low rate  of  increase  in  France  is  attributed  to 
other  causes,  yet,  very  possibly,  one  of  its  causes  is  the  greater 
proportion  of  hard  work  entailed  on  French  women,  by  the 
excessive  abstraction  of  men  for  non-productire  occupations, 
military  and  civil.  The  higher  rate  of  multiplication  in 
England  than  in  continental  countries  generally,  is  not  im- 
probably furthered  by  the  easier  lives  which  English  women 
lead. 

That  absolute  or  relative  infertility  is  generally  pro- 
duced in  women  by  mental  labour  carried  to  excess,  is  more 
clearly  shown.  Though  the  regimen  of  upper-cla55s  girls  is 
not  what  it  should  be,  yet,  considering  that  their  feeding  is 

tenaace  of  species.  Ho  urines  that  the  plethoric  state  of  tho  individuals  con- 
stituting nny  race  of  orgicisnis.  presupposes  conditions  so  favourablo  to  life 
that  the  raca  can  be  in  no  danger;  and  that  rapidity  of  mnltiplication  becomes 
needless.  ConTeraelj,  he  argaes  that  a  deplethoric  state  implies  nnfaronrable 
coodUions^impUes,  eonsequentlj,  nnnsaal  mortality;  that  is— implies  a 
necessity  for  increased  fertility  to  prevent  the  race  from  dying  oat.  It  may 
be  readily  shown,  however,  that  such  an  arrangement  would  be  the  revene  of 
self-adjnsting.  Suppose  a  species,  too  numerous  for  its  food,  to  be  in  the 
resulting  deplethoric  state.  It  will,  according  to  Mr.  Boubleday,  become 
unusually  fertile ;  and  the  next  generation  will  be  more  numerous  rather  than 
less  nnmerons.  For,  by  the  hypothesis,  the  unusual  fertility  due  to  tho 
deplethoric  state,  is  the  cause  of  undue  increase  of  population.  But  if  the 
next  generation  is  more  numerous  while  the  supply  of  food  has  remained 
the  same,  or  rather  has  decreased  under*  the  keener  competition  for  ir, 
then  this  next  generation  wiU  ha  in  a  still  mora  deplethorio  state,  and 
will  be  still  more  fertile.  Thus  there  wUl  go  on  an  oTer-inereasing  rata 
of  multiplication,  and  an  erer-decreasing  supply  of  food,  until  the  species 
disappears.  Suppose,  on  the  other  hand,  the  members  of  a  species  to  be  in 
an  unusually  plethorio  stata  Their  nte  of  multiplication,  ordinarily  suffi- 
cient to  maintain  their  numbers,  wiU  become  insuffieient  to  maintain  their 
numben.  In  the  next  generation,  therefore,  there  will  be  fewer  to  eat  the 
already  abundant  food,  which,  becoming  relatiFely  still  more  abundant,  will 
render  the  fewer  members  of  the  species  still  more  plethoric,  and  still  less 
feitUe,  than  their  parents.  And  the  actions  and  reactions  continuing,  the 
species  will  presently  die  out  from  absoluto  barrenness. 
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better  than  that  of  girls  belongiDg  to  the  poorer  dosses, 
Tvhile,  in  most  other  respects,  their  physical  treatment  is  not 
worse,  the  deficiency  of  reproductive  power  among  them 
may  be  reasonably  attributed  to  the  overtaxing  of  their 
brains — an  overtaxing  which  produces  a  serious  reaction  on 
the  physique.  This  diminution  of  reproductive  power  is  not 
shown  only  by  the  greater  frequency  of  absolute  sterility ; 
nor  is  it  shown  only  in  the  earlier  cessation  of  child-bearing; 
but  it  is  also  shown  in  the  very  frequent  inability  of  such 
women  to  suckle  their  infants.  In  its  full  sense,  the  re- 
productive power  means  the  power  to  bear  a  well-developed 
infant,  and  to  supply  that  infant  with  the  natural  food  for 
the  natural  period.  Most  of  the  flat-chested  girls  who 
survive  their  liigli- pressure  education,  are  incompetent  to 
do  this.  Were  their  fertility  measured  by  the  number  of 
children  thev  could  rear  without  artiiicial  aid,  thev  would 
prove  relatively  very  iuicrtile. 

The  cost  of  reproduction  to  males  being  so  much  less 
than  it  is  to  females,  tho  antagonism  between  Genesis  and 
Individuation  is  not  often  shown  in  men  by  suppression  of 
generative  power  consequent  on  unusual  expenditure  in 
bodily  action.  Nevertheless,  there  are  indications  that  this 
results  in  extreme  cases.  We  read  that  the  ancient  aihUtcB 
rarely  had  children ;  and  among  such  of  their  modem  repre* 
sentatives  as  acrobats,  an  allied  relation  of  cause  and  effect 
is  alleged.  Indirectly  this  truth,  or  rather  its  converse, 
appears  to  have  been  ascertained  by  those  who  train  men  for 
feats  of  strengtb — ^they  find  it  needful  to  insist  on  con- 
tinence. 

Special  proofs  that  in  men,  great  cerebral  expenditure  di« 
minishes  or  destroys  generative  power,  are  difficult  to  obtain. 
It  is,  indeed,  asserted  that  intense  application  to  mathematics, 
requiring  as  it  does  extreme  concentration  of  thought,  is  apt 
to  -have  this  result ;  and  it  is  asserted,  too,  that  this  result  is 
produced  by  the  excessive  emotional  excitement  of  gambling. 
Then,  again,  it  is  a  matter  of  common  remark  how  frequently 
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men  of  untiaiial  mental  actiyitj  leave  no  ofiEspring.  But 
facts  of  this  kind  admit  of  another  interpretation.  The  re- 
action of  the  brain  on  the  body  ia  so  violent — ^the  overtaxing 
of  the  nervous  system  is  so  apt  to  prostrate  the  heart  and 
deraoge  the  digestion ;  that  the  incapacities  caused  in  these 
cases,  are  probably  often  due  more  to  constitutional  dis- 
turbance than  to  the  direct  deduction  which  excessive  action 
entails.  Such  instances  harmonize  with  the  hypothesis ;  but 
how  far  they  yield  it  positive  support  we  cannot  say. 

§  368.  An  objection  must  here  be  guarded  against.  It  is 
likely  to  be  urged  that  since  the  civilized  races  are,  on  the 
avcrai^e,  larger  than  many  of  the  uncivilized  races ;  and  since 
they  arc  also  somewhat  more  complex  as  well  as  more  active: 
they  ought,  in  conformity  with  the  allog^  general  law,  to 
be  less  prolific.  Tliere  is,  however,  no  evidence  to  prove  that 
thev  are  so  :  on  the  whole,  thev  seem  rather  the  reverse. 

The  reply  is  that  were  all  other  things  equal,  th'jso 
superior  varieties  of  men  should  have  inferior  rates  of  in- 
crease.  But  other  things  are  not  equal ;  and  it  is  to  the 
inequality  of  other  things  that  this  apparent  anomaly  is 
attributable.  Already  we  have  seen  how  much  more  fertile 
domesticated  animals  are  than  their  wild  kindred ;  and  the 
causes  of  this  greater  fertility  are  also  the  causes  of  the 
greater  fertility,  relative  or  absolute,  which  civilized  men 
exhibit  when  compared  with  savages. 

There  is  the  difference  in  amount  of  food.  Australians, 
Fuegians,  and  sundry  races  that  might  be  named  as  having 
low  rates  of  multiplication,  are  obviously  underfed.  The 
sketches  of  natives  contained  in  the  volumes  of  Livingstone, 
Baker,  and  others,  yield  clear  proofs  of  the  extreme 
depletion    common    among    the    uncivilized.  In 

quality  as  well  as  in  Quantity,  their  feeding  is  bad.  Wild 
fruits,  insects,  larvss,  vermin,  &c.,  which  we  refuse  with 
disgust,  often  enter  largely  into  their  dietary.  -  Much  of  this 
inferior  food  they  eat  uncooked;   and  they  have  not  our 
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And  certain  seemingly-adverse  facts,  prove,  on  examinutiou, 
to  be  facts  belonging  to  a  different  category  from  that  in 
which  they  are  placed,  and  harmonize  with  the  rest  when 
rightly  interpreted. 

The  conformity  of  human  fertility  to  the  laws  of  multipli- 
cation in  general,  being  granted,  it  remains  to  inquire  what 
effects  must  be  caused  by  permanent  changes  in  men's  natures 
and  circumstances.  Thtis  far  we  have  observed  how,  by  their 
extremely-high  evolution  and  extremely-low  fertility,  man- 
kind display  the  inverse  variation  between  Individuation  and 
Genesis,  in  one  of  its  extremes.  And  we  have  also  observed 
how  mankind,  like  other  kinds,  are  functionally  changed  in 
their  rates  of  multiplication  by  changes  of  conditions.  But. 
we  have  not  observed  how  alteration  of  structure  in  ^laii 
entails  alteration  of  fertility.  The  influence  of  this  factor  is 
so  entangled  with  the  influences  of  other  factors  which  arc 
for  the  present  more  important,  that  we  cannot  recognize  it. 
Here,  ii'  we  proceed  at  all,  we  must  proceed  deductively. 


CHAPTER  Xm. 

nUMAN  POPULATION  IN  THE  FUTTOE. 

§  371.  Any  further  eyolution  in  the  most-highly  evolved 
of  terrestrial  beings,  ^lan^  must  be  of  the  same  nature  as 
evolution  in  general.  Structurally  considered,  it  may  consist 
in  greater  integration,  or  greater  differentiation,  or  both — 
augmented  bulk,  ov  increased  heterogeneity  and  definiteness, 
or  a  combination  of  the  two.  Functionally  considered,  it 
may  consist  in  a  larger  sum  of  actions,  or  more  multiplied 
varieties  of  actions,  or  both — a  larger  amount  of  sensible  and 
insensible  motion  generated,  or  motions  more  numerous  in 
kind  and  more  intricate  and  exact  in  co-ordination,  or 
motions  that  are  greater  alike  in  quantity,  complexity,  and 
precision. 

Expressing  the  change  in  terms  of  that  more  special 
evolution  displayed  by  organisms  ;  we  may  say  that  it  must 
be  one  which  further  adapts  the  moving  equilibrium  of 
organic  actions.  Ab  it  was  pointed  out  in  First  Prine^kSt 
§  133,  **  the  maintenance  of  such  a  moving  equilibrium,  re- 
quires the  habitual  genesis  of  internal  forces  corresponding^ 
in  number,  directions,  and  amounts  to  the  external  incident 
forces — as  many  inner  functions,  single  or  combined,  as  there 
are  single  or  combined  outer  actions  to  be  met.*'  And  it 
was  also  pointed  out  that  **  the  structural  complexity  accom- 
panying functional  equilibration,  is  definable  as  one  in  which 
there  are  as  many  specialized  parts  as  are  capable,  separately 
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and  joiutly,  of  counteracting  the  separate  and  joint  forces 
amid  wbich  the  organism  exists."  Clearly,  then,  since  uli 
incompletenesses  in  Man  as  now  constituted,  are  failures  to 
meet  certain  of  the  outer  actions,  mostly  involved,  remote, 
irregular,  to  which  he  is  exposed ;  every  advance  implies 
additional  co-ordinations  of  actions  and  accompanying  com- 
plexities of  organization. 

Or  once  more,  to  specialize  still  further  this  conception  of 
future  progress,  we  may  consider  it  as  an  advance  towards 
completion  of  that  continuous  adjustment  of  internal  to  ex- 
lernul  relations,  which  constitutes  Life.  In  Part  I.  of  tliis 
work,  where  it  was  shown  that  the  correspondence  between 
inner  and  outer  actions  culled  Life,  is  a  particular  kind  of 
what,  in  terms  of  Evolution,  we  culled  a  moving  equi Librium  ; 
it  was  shown  that  the  degree  of  lii'e  varies  as  the  dei^ree  of 
oorresnondencc.  Grcr;ter  evolutiou  or  higher  life,  imolies. 
then,  such  modifications  of  human  nature  a:>  shall  make  more 
exact  the  existing  correspondences,  or  shall  establish  addi- 
tional correspondences,  or  both.  Connexions  of  phenomena 
of  a  rare,  distant,  unobtrusive,  or  intricate  kind,  which  we 
either  suffer  from  or  do  not  take  advantage  of,  have  to  be 
responded  to  by  new  connexions  of  ideas,  and  acts  properly 
combined  and  proportioned :  there  must  be  increase  of  know- 
ledge, or  skill,  or  j)ower,  or  of  all  these.  And  to  effect  this 
more  extensive,  more  varied,  and  more  accurate,  co-ordina- 
tion of  actions,  there  muse  be  organization  of  still  greater 
heterogeneity  and  definiteness. 

§  372.  Let  us  before  proceeding,  consider  in  what  par- 
ticular ways  this  further  evolution,  this  higher  life,  this 
greater  co-ordination  of  actions,  may  be  expected  to  show 
itself. 

Will  it  be  in  strength  ?  Probably  not  to  any  considerable 
degree.  Mechanical  appliances  are  fast  supplanting  brute 
force,  and  doubtless  will  continue  doing  this.  Though  at 
present  civilized  nations  largely  depend  for  self-preservation 


496  lAWS  OF  MULTIPLICATIOX. 

on  vigour  of  limby  and  are  likely  to  do  bo  while  wars  con- 
tinue ;  yet  that  progressive  adaptation  to  the  social  state  which 
must  at  last  bring  wars  to  an  end,  will  leave  the  amount  of 
muscular  power  to  adjust  itself  to  the  requirements  of  a 
peaceful  regime.  Though,  taking  all  things  into  account,  the 
muscular  power  then  required  may  not  be  less  than  now, 
there  seems  no  reason  why  more  should  be  required. 

Will  it  be  in  swiftness  or  agility  P  Probably  not  In  the 
savages  these  are  important  elements  of  the  ability  to  main- 
tain life  ;  but  in  the  civilized  man  they  aid  self-preservation 
in  quite  a  minor  degree,  and  there  seems  no  circumstance 
likely  to  necessitate  an  increase  of  them.  By  games  und 
^rvninostic  coranetitions,  such  attributes  mav  indeed  be  arti- 
iiciallv  increased ;  but  no  artificial  increase  which  does  not 
bring  a  proportionate  advantage  can  be  permanent ;  since, 
other  things  equal,  indiricluals  and  societies  that  devote  the 
same  amounts  of  energy  in  ways  that  subserve  life  more 
effectually,  must  by  and  by  predominate. 

Will  it  be  in  mechanical  skill,  that  is,  in  the  better-co- 
ordination of  complex  movements?  Most  likely  in  somo 
degree.  Awkwardness  is  continually  entailing  injuries  and 
deaths.  Moreover,  the  complicated  tools  which  civilization 
brings  into  use,  are  constantly  requiring  greater  delicacy  of 
manipulation.  All  the  arts,  industrial  and  csstbetic,  as  they 
develop,  imply  a  corresponding  development  of  perceptive  and 
executive  faculties  in  men — the  two  necessarily  act  and  react. 

Will  it  be  in  intelligence  P  Largely,  no  doubt.  There  is 
ample  room  for  advance  in  this  direction,  and  amplo  demand 
for  it.  Our  lives  are  universally  shortened  by  our  ignorance. 
In  attaining  complete  knowledge  of  our  own  natures  and  of 
the  natures  of  surrounding  things — ^in  ascertaining  the  con* 
ditions  of  existence  to  which  we  must  conform,  and  in  dis- 
covering means  of  conforming  to  them  under  all  variations 
of  seasons  and  circumstances — we  have  abundant  scope  for 
intellectual  progress. 

Will  it  be  in  morality,  that  is,  in  greater  power  of  self* 
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regulation P  Largely  also:  perhaps  most  largelj.-  Higbt 
conduct  is  usually  come  short  of  more  from  defect  of 
will  than  defect  of  knowledge.  To  the  due  co-ordination 
of  those  complex  actions  which  constitute  human  life  in 
its  civilized  form,  there  goes  not  only  the  prc-requisito 
—recognition  of  the  proper  course;  but  the  further  pre- 
requisite— a  due  impulse  to  pursue  that  course.  And  on 
calling  to  mind  our  daily  failures  to  fulfil  often-repeated 
resolutions,  we  shall  perceive  that  lack  of  the  needful  desire, 
rather  than  lack  of  the  needful  insight,  is  the  chief  cau^e  of 
faulty  action.  A  further  endowment  of  those  feelings  which 
civilization  is  developing  in  us — sentiments  responding  to 
the  requirements  of  the  social  state — emotive  faculties  that 
find  their  gratifications  in  the  duties  devolving  on  us — must 
be  acquired  before  the  crimes,  excesses,  diseases,  improvi- 
ripnccs,  disiiorior'ties,  nnd  cruelties,  that  tiov.-  "?o  'j-rcatlv 
diminish  the  duration  of  life,  can  cease. 

Thus,  looking  at  the  several  possibilities,  and  asking 
what  direction  this  further  evolution,  this  more  complete 
moving  equilibrium,  this  better  adjustment  of  inner  to 
outer  relations,  this  more  perfect  co-ordination  of  actions, 
is  likely  to  take ;  we  conclude  that  it  must  take  mainly  the 
direction  of  a  higher  intellectual  and  emotional  develop- 
ment. 

§  873.  This  conclusion  we  shall  find  equally  forced  on  us 
if  we  inquire  for  the  causes  which  are  to  bring  about  such 
results.  No  more  in  the  case  of  Man  than  in  the  case  of  any 
other  being,  can  we  presume  that  evolution  either  has  taken 
place,  or  will  hereafter  take  place,  spontaneously.  In  the 
past,  at  present,  and  in  the  future,  all  modifications,  func- 
tional and  organic,  have  been,  are,  and  must  be  immediately 
}r  remotely  consequent  on  surrounding  conditions.  What, 
:hen,  are  those  changes  in  the  environment  to  which,  by  direct 
)r  indirect  equilibration,  the  human  organism  has  been 
idjusting  itself,  is  adjusting  itself  now,  and  will  continue  to 
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adjust  itself  P  And  how  do  they  necessitate  a  higher  c^-ola* 
tion  of  the  organism  ? 

Civilization,  everywhere  having  for  its  antecedent  the  in- 
crease of  population,  and  everywhere  having  for  one  of  its 
consequences  a  decrease  of  certain  race-destroying  forces,  has 
for  a  further  consequence  an  increase  of  certain  other  race- 
destroying  forces.  Danger  of  death  from  predatory  animals 
lessens  as  men  grow  more  numerous.  Though,  as  they  spread 
over  the  Earth  and  divide  into  tribes,  men  become  wild 
beasts  to  one  another,  yet  the  danger  of  death  from  this 
cause  also  diminishes  as  tribes  coalesce  into  nations.  But  the 
danger  of  death  which  does  not  diminish,  is  that  produced  by 
augmentation  of  numbers  itself — the  danger  from  deficiency 
of  food.  Supposing  human  nature  to  remain  unchanged,  the 
mortality  hence  resulting  would,  on  the  average,  rise  as 
human  beings  multiplied.  If  mortality,  under  such  condi- 
tions, does  not  rise,  it  must  be  because  the  supply  of  food 
also  augments ;  and  this  implies  some  change  in  human 
habits  wrought  by  the  stress  of  human  needs.  Here,  then,  is 
the  permanent  cause  of  modification  to  which  civilized  men 
are  exposed.  Though  the  intensity  of  its  action  is  ever  being 
mitigated  in  one  direction,  by  greater  production  of  food ;  it 
is,  in  the  other  direction,  ever  being  added  to  by  the  greater 
production  of  individuals.  Manifestly,  the  wants  of  their 
redundant  numbers  constitute  the  only  stimulus  mankind 
have  to  obtain  more  necessaries  of  life :  were  not  the  demand 
beyond  the  supply,  there  would  be  no  motive  to  increase  the 
supply.  And  manifestly,  this  excess  of  demand  over  supply 
is  perennial :  this  pressure  of  population,  of  which  it  is  the 
index,  cannot  be  eluded.  Though  by  the  emigration  that 
takes  place  when  the  pressure  arrives  at  a  certain  intensity, 
temporary  relief  is  from  time  to  time  obtained ;  yet  as,  by 
this  process,  all  habitable  countries  must  become  peopled,  it 
foUows  that  in  the  end,  the  pressure,  whatever  it  may  then 
be,  must  be  borne  in  full. 

This  constant  increase  of  people  beyond  the  means  of  8ul> 
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sistence,  caTiaes,  then,  a  never-ceasing  requirement  for  skill, 
intelligence,  and  self-control — involves,  therefore,  a  constant 
exercise  of  these  and  gradual  growth  of  them.  Every 
industrial  improvement  is  at  once  the  product  of  a  higher  form 
of  humanity,  and  demands  that  higher  form  of  humanity  to 
carry  it  into  practice.  The  application  of  science  to  the  arts, 
is  the  bringing  to  bear  greater  intelligence  for  satisfying  our 
wants ;  and  implies  continued  progress  of  that  intcUigenco. 
To  get  more  produce  from  the  acre,  the  farmer  must  study 
chemistry,  must  adopt  new  mechanical  appliances,  and  must, 
by  the  multiplication  of  processes,  cultivate  both  his  own 
powers  and  the  powers  of  his  labourers.  To  meet  the 
requirements  of  the  market,  the  manufacturer  is  per- 
petually improving  his  old  machines,  and  inventing  new 
ones  ;  and  by  the  premium  of  high  wages  incites  artizans  to 
acquire  greater  skill.  The  daily-widening  ramifications  of 
commerce  entail  on  the  merchant  a  need  for  more  know- 
ledge and  more  complex  calculations;  while  the  lessening 
profits  of  the  ship-owner  force  him  to  build  more  scientifi- 
cally, to  get  captains  of  higher  intelligence,  and  better  crews. 
In  all  cases,  pressure  of  population  is  the  original  cause. 
Were  it  not  for  the  competition  this  entails,  more  thought 
and  energy  would  not  daily  be  spent  on  the  business  of  life ; 
and  growth  of  mental  power  would  not  take  place. 
Bifficultv  in  £?ettin<f  a  livinsr  is  alike  the  incentive  to  a 
higher  education  of  children,  and  to  a  more  intense  and 
long-continued  application  in  adults.  In  the  mother  it  in- 
duces foi'esight,  economy,  and  ekilful  hou^^i^;^]keeping ;  in  the 
father,  laborious  days  and  constant  self-denial.  Nothing  but 
necessity  could  make  men  submit  to  this  discipline;  and 
nothing  but  this  discipline  could  produce  a  continued  pro- 
gression. 

In  this  case,  as  in  many  others,  Nature  secures  each  step 
in  advance  by  a  succession  of  trials ;  which  are  perpetually 
repeated,  and  cannot  fail  to  be  repeated,  until  success  is 
achieved.     All  mankind  in  turn  subject  tlumselvcs  more  or 
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less  to  the  discipline  described ;  they  either  may  or  xnay  not 
advance  under  it ;  but,  in  the  nature  of  things,  only  those 
who  do  advance  under  it  eventually  survive.  For,  neces- 
sarily, families  and  races  whom  this  increasing  difficulty  of 
getting  a  living  which  excess  of  fertility  entails,  does  not 
stimulate  to  improvements  in  production — that  is,  to  greater 
mental  activity — are  on  the  high  road  to  extinction;  and 
must  ultimately  be  supplanted  by  those  whom  the  pressure 
does  so  stimulate.  This  truth  we  have  recently  seen  exem- 
plified in  Ireland.  And  here,  indeed,  without  further 
illustration,  it  will  be  seen  that  premature  death,  under  all 
its  forms  and  from  all  its  causes,  cannot  fail  to  work  in  the 
same  direction.  For  as  those  prematurely  carried-off  must, 
In  the  average  of  cases,  be  those  in  whom  the  power  of  seii- 
preservation  is  the  least,  it  unavoidably  follows  that  those 
left  behind  to  continue  the  race,  must  be  those  in  whom 
the  power  of  self-preservation  is  the  greatest — must  be  tiio 
select  of  their  generation.  So  that,  whether  the  dangers  to 
existence  be  of  the  kind  produced  by  excess  of  fertility,  or  of 
any  other  kind,  it  is  clear  that  by  the  ceaseless  exercise  of 
the  faculties  needed  to  contend  with  them,  and  by  the  death 
of  all  men  who  fail  to  contend  with  them  successfully,  there 
is  ensured  a  constant  progress  towards  a  higher  degree  of 
skill,  intelligence,  and  self- regulation — a  better  co-ordinu- 
tion  of  actions — a  more  complete  life.'* 

*  A  good  deal  of  this  chapter  retains  its  original  form ;  and  the  abore 
paragraph  is  repriated  Terbatiin  from  the  Weitminiier  Rmew  for  April,  1S52, 
in  which  the  viewt  developed  in  the  foregoing  hondrod  pages  vers  first 
sketched  oat  This  paragraph  shows  how  near  one  may  he  to  a  great  generalisa- 
tion without  seeing  iL  Though  the  prpcess  of  natural  selection  is  recognized ; 
and  though  to  it  is  ascribed  a  share  in  the  evolution  of  a  higher  ty|ie ;  yet  the 
conception  must  not  be  confounded  with  that  which  Hr.  Darwin  has  worked 
out  with  such  wonderful  skill,  and  supported  by  such  vast  stores  of  knowledge. 
In  the  first  place,  natural  selection  is  here  described  only  as  furthering  direct 
adaptation — only  as  aiding  progress  by  the  preservation  of  individuals  in 
whom  functionally-produced  modifications  have  gone  on  most  favourably.  In 
the  second  place,  there  is  no  trace  of  the  idea  that  natural  selection  may,  by 
co-operation  with  the  cause  assigned,  or  with  other  causes,  produce  diterginets 
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§  374.  The  proposition  at  which  we  have  thus  arrived,  is, 
then,  that  excess  of  fertility,  through  the  changes  it  is  ever 
working  in  Man's  environment,  is  itself  the  cause  of  Man's 
further  evolution ;  and  the  obvious  corollary  here  to  be 
drawn,  is,  that  Man's  further  evolution  so  brought  about, 
itself  necessitates  a  decline  in  his  fertility. 

That  future  progress  of  civilization  which  the  never- 
ceasing  pressure  of  population  must  produce,  will  bo  ac- 
companied by  an  enhanced  cost  of  Individuation,  both  in 
structure  and  function ;  and  more  especially  in  nervous 
structure  and  function.  The  peaceful  struggle  for  existence 
in  societies  ever  growing  more  crowded  and  more  complicated, 
must  have  for  its  concomitant  an  increase  of  the  great  nervous 
centres  ia  mass,  in  complexity,  in  activity.  The  larger  body 
of  emotion  needed  as  a  fountain  of  enerirv  for  men  who  have 
to  hold  their  places  and  rear  their  families  under  the  inten- 
sifying competition  of  social  life,  is,  other  things  equal,  the 
correlative  of  larger  brain.  Those  higher  feelings  presupposed 
by  the  better  self- regulation  which,  in  a  better  society,  can 
alone  enable  the  individual  to  leave  a  persistent  posterity,  are, 
other  things  equal,  the  correlatives  of  a  more  complex  brain ; 
as  are  also  those  more  numerous,  more  varied,  more  general, 
and  more  abstract  ideas,  which  must  also  become  increasingly 

of  stractarc ;  and  of  course,  in  the  absence  of  thU  :>lea,  there  is  no  itn- 
plication,  even,  that  natural  selection  has  anythiosp  to  do  with  the  origin  of 
species.  And  in  the  third  place,  the  all-important  factor  of  variation  — 
"  spontaneous,"  or  incidental  as  we  may  otherwise  call  it — is  wholly  ignored. 
Though  use  and  disuse  are,  I  think,  much  more  potent  causes  of  organic 
modification  than  Mt.  Darwin  supposes— though,  while  pursuing  the  inquiry 
in  detail,  I  hare  been  led  to  heUeve  that  dirvct  equilibration  has  played  a 
more  active  part  even  than  I  had  myself  at  one  time  thought ;  yet  I  hold 
Mr.  Darwin  to  have  shown  beyond  question,  that  a  great  part  of  the  facts — 
perhaps  the  greater  part — are  explicable  only  as  resulting  from  the  sunrival  of 
individuals  which  have  deviated  in  some  indirectly-caused  way  from  the 
incestral  type.  Thus,  the  above  paragraph  contains  merely  a  passing  reeogni* 
tion  of  the  selective  process ;  and  indicates  no  suspicion  of,  the  enormoos 
.-ange  of  its  effects,  or  of  the  conditions  under  which  a  large  fiart  of  its  effects 
ire  produced. 
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requisite  for  successful  life  as  society  advances.  And  the 
genesis  of  this  larger  quantity  of  feeling  and  thought,  in  a 
brain  thus  augmented  in  size  and  developed  in  structure,  is, 
other  things  equal,  the  correlative  of  a  greater  wear  of  nerv- 
ous tissue  and  greater  consumption  of  materials  to  repair  it 
So  that  both  in  original  cost  of  construction  and  in  subse- 
quent cost  of  working,  the  nervous  system  must  become  a 
heavier  tax  on  the  organism.  Already  the  brain  of  the  civi- 
lized man  is  larger  by  nearly  thirty  per  cent  than  the  brain 
of  the  savage.  Already,  too,  it  presents  an  increased  hetero* 
geneity — especially  in  the  distribution  of  its  convolutions. 
And  further  changes  like  these  which  have  taken  place 
under  the  discipline  of  civilized  life,  we  infer  will  continue 
to  take  place.  But  everywhere  and  always,  evolu- 

tion is  antagonistic  to  procrcative  dissolution.  Whether  it 
be  in  greater  growth  of  the  organs  which  subserve  self-main- 
tenance, whether  it  be  in  their  added  complexity t>fstracture, 
or  whether  it  bo  in  their  higher  activity,  the  abstraction  of 
the  required  materials,  implies  a  diminished  reserve  of  ma- 
terials for  race-maintenance.  And  we  have  seen  reason  to 
believe  that  this  antagonism  between  Individuation  and 
Genesis,  becomes  unusually  marked  where  the  nervous  ays- 
tern  is  concerned,  because  of  the  costliness  of  nervous  8truc« 
ture  and  function.  In  §  346  was  pointed  out  the  apparent 
connexion  between  high  cerebral  development  and  pro- 
longed delay  of  sexual  maturity ;  and  in  §  §  366,  367, 
the  evidence  went  to  show  that  where  exceptional  fer- 
tility exists  there  is  sluggishness  of  mind,  and  that  where 
there  has  been  during  .education  excessive  expenditure  in 
mental  action,  there  frequently  follows  a  complete  or  partial 
infertilit}\  Hence  the  particular  kind  of  further  evolution 
which  Man  is  hereafter  to  undergo,  is  one  which,  more  than 
any  other,  may  be  expected  to  cause  a  decline  in  his  power  of 
reproduction. 

The  higher  nervous  development  and  greater  expenditure 
in  nervous  action,  hero  described  os  indirect!}*  brought  about 
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by  increase  of  numbers,  and  as  thereafter  becoming  a  check 
on  the  increase  of  numbers,  must  not  be  taken  to  imply 
an  intenser  strain — a  mentally-laborious  life.  The  greater 
emotional  and  intellectual  power  and  activity  above  con- 
templated, must  be  understood  as  becoming,  by  small  incre- 
ments, organic,  spontaneous  and  pleasurable.  As,  even  when 
relieved  from  the  pressure  of  necessity,  large-brained  Euro- 
peans voluntarily  enter  on  enterprises  and  activities  which 
the  savage  could  not  keep  up  even  to  satisfy  urgent  wants ; 
so,  their  still  larger-brained  descendants  will,  in  a  still  higher 
degree,  find  their  gratifications  in  careers  entailing  still 
greater  mental  expenditures.  This  enhanced  demand  for 
materials  to  establish  and  carry  on  the  psyciiicul  functions, 
will  be  a  constitutional  demand.  We  must  conceive  the 
type  gradually  so  modified,  that  the  more-developed  nervous 
system  irresistiblv  draws  oif,  for  its  normal  and  unforced 
activities,  a  largor  proportion  of  the  common  stock  of  nutri- 
ment; and  while  so  increasing  the  intensity,  completeness^ 
and  length  of  the  individual  life,  necessarily  diminishing  the 
reserve  applicable  to  the  setting  up  of  new  lives — ^no  longer 
required  to  be  so  numerous. 

Though  the  working  of  this  process  will  doubtless  be 
interfered  with  and  modified  in  the  future,  as  it  has  been  in 
the  post,  by  the  facilitation  of  living  which  civilization 
brings ;  yet  nothing  beyond  temporary  interruptions  can  so 
be  caused.  However  much  the  industrial  arts  may  be  im- 
proved, there  must  be  a  limit  to  the  improvement;  while, 
with  a  rate  of  multiplication  in  excess  ef  the  rate  of  mortality, 
population  must  continually  tread  on  the  heels  of  produc- 
tion. So  that  though,  during  the  earlier  stages  of  civilisa- 
tion, an  incre&sed  amount  of  food  may  accrue  from  a  given 
amount  of  labour ;  there  must  come  a  time  when  this  relation 
will  be  reversed,  and  when  every  additional  increment  of 
food  will  be  obtained  by  a  more  than  proportionate  labour : 
the  disproportion  growing  ever  higher,  and  the  diminution 
of  the  reproductive  power  becoming  greater. 
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I  375.  There  now  remains  but  to  inquire  towards  what 
limit  this  progress  tends.  So  long  as  the  fertility  of  the 
race  is  more  than  su£Scient  to  balance  the  dimination  by 
deaths,  population  must  continue  to  increase.  So  long  as 
population  continues  to  increase,  there  must  be  pressure  on 
the  means  of  subsistence.  And  so  long  as  there  is  pressure 
on  the  means  of  subsistence,  further  mental  development  must 
go  on,  and  further  diminution  of  fertility  must  result.  Thus, 
the  change  can  never  cease  until  the  rate  of  multiplication  is 
just  equal  to  the  rate  of  mortality ;  that  is,  can  never  cease 
until,  on  the  average,  each  pair  has  as  many  children  as  are 
requisite  to  produce  another  generation  of  child-bearing 
adults,  equal  in  number  to  the  lust  generation.  At  first 
sight,  this  would  seem  to  imply  that  eventually  each  pair  will 
rarely  have  more  than  two  offspring  ;  but  a  little  considera* 
lion  shows  that  this  is  a  lower  (Ie<;rce  of  fertility  than  is 
likely  ever  to  be  reached. 

Supposing  the  Sun's  L'ght  and  heat,  on  which  all  terres- 
trial life  depends,  to  continue  abundant,  for  a  period  long 
enough  to  allow  the  entire  evolution  we  are  contemplating ; 
there  are  still  certain  slow  astronomic  and  geologic  changes 
which  must  prevent  such  complete  adjustment  of  human  nature 
to  surroimding  conditions,  as  would  permit  the  rate  of  mul- 
tiplication to  fall  so  low.  As  before  pointed  out  (§  148) 
during  an  epoch  of  21,000  years,  each  hemisphere  goes 
through  a  cycle  of  temperate  seasons  and  seasons  extreme  in 
their  heat  and  cold—Tariations  that  are  themselves  alternately 
exaggerated  and  mitigated  in  the  course  of  far  longer  cycles ; 
and  we  saw  that  these  caused  perpetual  ebbings  and 
flowings  of  species  over  difierent  parts  of  the  Earth's  surface. 
Further,  by  slow  but  inevitable  geologic  changes,  especially 
those  of  elevation  and  subsidence,  the  climate  and  physical 
characters  of  every  habitat  are  modified ;  while  old  habitats 
are  destroyed  and  new  are  formed.  This,  too,  we  noted  as 
a  constant  cause  of  migrations  and  of  consequent  alterations 
of  environment.     Now  though  the  human  race  differs  from 
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other  races  in  having  a  power  of  artificially  counteracting 
external  changes,  yet  there  are  limits  to  this  power ;  and, 
even  were  there  no  limits,  the  changes  could  not  fail  to 
work  their  effects  indirectly,  if  not  directly.  If,  as  is  thought 
probable,  these  astronomic  cycles  entail  recurrent  glacial  pe- 
riods in  each  hemisphere,  then,  parts  of  the  Earth  that  are  at 
one  time  thickly  peopled,  will  at  another  time,  be  almost  de- 
serted, and  vice  cenA,  The  geologically-caused  alterations  of 
climate  and  surface,  must  produce  further  slow  re-distributions 
of  population ;  andother  currents  of  people,  to  and  from  different 
regions,  will  be  necessitated  by  the  rise  of  successive  centres 
of  higher  civilization.  Consequently,  mankind  cannot  but 
continue  to  undergo  changes  of  environment,  physical  and 
moral,  analogous  to  those  which  they  have  thus  far  been 
undergoing.  Such  changes  may  eventually  become  slower 
and  leas  marked;  but  thev  can  never  cease.  And  if  thev  can 
never  cease,  there  can  never  arise  a  perfect  adaptation  of 
human  nature  to  its  conditions  of  esistence.  To  establish 
that  complete  correspondence  between  inner  and  outer  actions 
which  constitutes  the  highest  life  and  greatest  power  of  self- 
preservation,  there  must  be  a  prolonged  converse  between  the 
organism  and  circumstances  that  remain  the  same.  If  the 
external  relations  are  being  altered  while  the  internal  rela- 
tions are  being  adjusted  to  them,  the  adjustment  can  never 
become  exact.  And  in  the  absence  of  exact  adjustment, 
there  cannot  exist  that  theoretically-highest  power  of  self- 
preservation  with  which  there  would  oo-exist  the  theoreticallv- 
lowest  power  of  race-production. 

Hence  though  the  number  of  premature  deaths  'may  ul- 
timately become  very  ^small,  it  can  never  become  so  small 
as  to  allow  the  average  number  of  offspring  from  each  pair 
to  fall  so  low  as  two.  Some  average  number  between  two 
and  three  may  be  inferred  as  the  limit— a  number,  however, 
that  is  not  likely  to  be  quite  constant,  but  may  be  ex- 
pected at  one  time  to  increase  somewhat  and  afterwards 
to  decrease  somewhat,  according  as  variations  in  physical 
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and    social  conditions    lower   or   raise   the    cost   of  self* 
preservation. 

Be  this  as  it  may,  however,  it  is  manifest  that  in  the  end, 
pressure  of  population  and  its  accompanying  evils  will  dis- 
appear; and  wiU  leave  a  state  of  things  requiring  from  each 
individual  no  more  than  a  normal  and  pleasurable  activity. 
Cessation  in  the  decrease  of  fertility  implies  cessation  in 
the  development  of  the  nervous  system ;  and  this  implies  a 
nervous  system  that  has  become  equal  to  all  that  is  demanded 
of  it — has  not  to  do  more  than  is  natural  to  it.  But  that 
exercise  of  faculties  which  does  not  exceed  what  is  natural, 
constitutes  gratification.  In  the  end,  therefore,  the  ob- 
tainment  of  subsistence  and  discharge  of  all  the  parental 
and  social  duties,  will  require  just  that  kind  and  that  amount 
of  action  needful  to  health  and  happiness. 

The  necessar}''  antagonism  of  Individuation  and  Grenesis, 
not  only,  then,  fulfils  with  precision  the  a  priori  law  of 
maintenance  of  race,  from  the  Monad  up  to  Man,  but  ensures 
final  attainment  of  the  highest  form  of  this  maintenance— 
a  form  in  which  the  amount  of  life  shall  be  the  greatest 
possible,  and  the  births  and  deaths  the  fewest  possible.  This 
antagonism  could  not  fail  to  work  out  the  results  we  see  it 
working  out.  The  excess  of  fertility  has  itself  rendered  the 
process  of  civilization  inevitable ;  and  the  process  of  civiliza- 
tion must  inevitablv  diminish  fertilitv,  and  at  last  destrov  its 
excess.  From  the  beginning,  pressure  of  population  has 
been  the  proximate  cause  of  progress.  It  produced  the 
original  diffusion  of  the  race.  It  compelled  men  to  abandon 
predatory  habits  and  take  to  agriculture.  It  led  to  the 
clearing  of  the  Earth's  surface.  It  forced  men  into  the 
social  state;  made  social  organization  inevitable;  and  has 
developed  the  social  sentiments.  It  has  stimulated  to  pro- 
gressive improvements  in  production,  and  to  increased  skill 
and  intelligence.  It  is  daily  thrusting  us  into  closer  contact 
and  more  mutually-dependent  relationships.  And  after  having 
caused,  as  it  ultimately  must,  the  due  peopling  of  the  globe, 
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and  the  raisini^  of  all  its  habitable  parts  into  the  highest 
state  of  culture — after  having  brought  all  processes  for  the 
satisfaction  of  human  wants  to  perfection— •after  having»  at 
the  same  time,  deyeloped  the  intellect  into  complete  com- 
petency for  its  worky  and  the  feelings  into  complete  fitness 
for  social  life — ^after  having  done  all  this,  the  presiure  of 
population,  as  it  gradually  finishes  its  work,  must  gradually 
bring  itself  to  an  end. 

§  377.  In  closing  the  argument  let  us  not  overlook  the 
self-sufficingness  of  those  universal  processes  by  which  the 
results  reached  thus  far  have  been  wrought  out,  and  wliicli 
may  be  expected  to  work  out  these  future  results. 

Evolution  under  all  its  aspects,  general  and  special,  ii  an 
advance  towards  equilibrium.  We  have  seen  that  the  theo- 
retical limit  towards  which  the  integration  and  difiorontia- 
tion  of  every  aggregate  advances,  is  a  state  of  balance  be- 
tween all  the  forces  to  which  its  parts  are  subject,  and 
the  forces  which  its  parts  oppose  to  them  (Fir$t  Prin.  |  130). 
And  we  have  seen  that  organic  erolution  is  a  progress 
towards  a  moving  equilibrium  oompletoly  adjusted  to  en- 
vironing actions. 

It  has  been  also  pointed  out  that,  in  civilized  Han,  there  is 
going  on  a  new  class  of  equilibrations— those  between  his  ac« 
tions  and  the  actions  of  the  societies  he  forms  iFlrnt  Prin, 
§  135).  Social  restraints  and  requirements  are  ever  altering 
his  activities  and  by  consequence  l|isnatare;  and  as  fiist  as  his 
nature  is  altered,  social  restraints  and  requirements  tmdergo 
mors  or  less  re-adjustment.  Here  the  organism  and  the  con- 
ditions are  both  modifiable ;  and  by  snocesstve  conciliations 
of  the  two,  there  is  eflEected  a  progT>sss  towards  equilibrium* 

More  recently  we  hare  seen  that  in  every  species,  there 
establishes  itself  an  equilibrium  of  an  involved  kind  betw«c?n 
the  total  nce-destroying  forces  and  the  total  rsce^preeerving 
forces — an  equilibrium  which  implies  that  where  the  ability 
to  maintain  individual  life  is  small,  the  ability  to  popagata 
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must  be  great,  and  rice  vend.  Whence  it  follows  that  the 
evolution  of  a  race  more  in  equilibrium  with  theenyironment, 
is  also  the  evolution  of  a  race  in  which  thera  is  a  correlative 
approach  towards  equilibrium  between  the  number  of  new 
individuals  produced  and  the  number  which  survive  and 
propagate. 

The  final  result  to  be  observed,  is,  that  in  Man,  all  these 
equilibrations  between  constitution  and  conditions,  between 
the  structure  of  society  and  the  nature  of  its  members,  be- 
tween fertility  and  mortality,  advance  simultaneously  towards 
a  common  climax.  In  approaching  an  equilibrium  between  his 
nature  and  the  ever-varpng  circumstances  of  his  inorganic 
environment,  and  in  approaching  an  equilibrium  between  his 
nature  and  ail  the  requirements  of  the  social  state,  Man  is  at 
the  same  time  approaching  that  lowest  limit  of  fertility  at 
which  the  equilibrium  of  population  is  maintained  by  the 
addition  of  as  many  infants  as  there  are  subtractions  by  death 
in  old  age.  Changes  numerical,  social,  organic,  must,  by  their 
mutual  influences,  work  unceasingly  towards  a  state  of  har- 
mony— ^a  state  in  which  each  of  the  factors  is  just  equal  to  its 
work.  And  this  highest  conceivable  result  must  be  wrought 
out  by  that  same  universal  process  which  the  simplest  inor- 
ganic'action  illustrates. 

THE  END. 
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men,  will  giro  an  idea  of  this  Angelica.  At  a  is  shown  a  single 
flower  partially  changed ;  in  the  ambellole  marked  b^  one  of  the 
rays  bears  a  secondary  ambellole ;  and  there  may  be  seen  at  c  and 
dj  sereral  snch  OTer-de^elopments. 

Bat  the  most  conclosiye  instance  is  that  of  a  Cow-Parsnep,  in  which 
a  single  terminal  ambel,  besides  the  transformations  already  men- 
tioned, exhibits  higher  degrees  of  sach  transformations.*  Tbs  com- 
ponents of  this  complex  growth  are ; — ^three  central  ombellalea,  ab- 
normal only  in  minor  points ;  one  nmbeUale,  external  to  these^  which 
is  partially  changed  into  an  nmbel;  one  rather  more  oat  of  the 
centre,  which  is  so  far  metamorphosed  as  to  be  more  an  ombel  than 
an  nmbellale :  nine  peripheral  clusters  formed  by  the  dejelopment 
of  ambeUales  into  ambels,  some  of  which  are  partially  compoanded 
still  farther.  Examined  in  detail,  these  stractares  present  the  fol- 
lowing facts : — 1.  The  innermost  nmbellale  is  normal,  sare  in  baring 
a  peripherul  flower  of  which  one  member  (apparently  a  petal)  is 
transformed  into  a  flower-bad.  2.  The  next  ambellole,  not  qoite  so 
central,  has  one  of  its  peripheral  flowers  made  monstroos  by  the 
p^rowth  of  a  bad  from  the  base  of  the  calyx.  8.  The  third  of 
the  central  ambelloles  has  two  abnormal  outer  flowers.  One  of 
them  carries  a  flower-bud  on  its  edsre.  in  place  of  a  foliar  member. 
The  other  is  hail  flower  and  half  amiielluie  :  being  composed 
of  three  petab,  three  stamens,  and  five  flower-bods  growing 
where  the  other  petals  and  stamens  should  grow.  4»  Oatside 
of  these  ombellules  comes  one  of  the  mixed  clusters.  Its  fire 
central  flowers  are  normal.  Surrounding  these  are  sereral 
flowers  transformed  in  different  degrees :  one  haring  a  stamen  par- 
tially changed  into  a  flower  bud.  And  then,  at  the  peripbeiy  of 
this  mixed  cluster,  come  three  complete  ombcdlules  and  an  incom- 
plete one  in  which  some  petals  and  stamens  of  the  original  flower 
remain.  5.  A  mixed  cluster,  in  which  the  nmbel-structare  pre- 
domiaates,  stands  next.  Its  three  central  flowers  are  normal. 
Surrouadlng  them  are  fire  flowers  OTer-developed  in  yarions  ways, 
like  those  ah-eady  described.  And  on  its  periphery  are  seren 
complete  umbellules  in  place  of  flowers;  besides  an  incomplete 
umbellule  that  contains  traces  of  the  original  flower,  one  of  them 
being  a  petal  imperfectly  twisted  up  into  a  bud.  6.  Of  the  nine 
external  dusters,  in  which  the  derelopment  of  simple  into  compound 
umbels  is  most  decided,  nearly  all  present  anomalin.  Three  of  them 
hare  each  a  central  flower  nntransf ormed ;  and  in  others,  the  central 

*  For  the  infonnation  of  those  who  may  wish  to  examine  metunoiphoeee 
of  these  kinda,  I  may  here  state  that  I  have  foond  nearly  all  the  eacamplee 
described,  in  the  neishbourhood  of  the  sea— the  last-named,  on  the  shore  of 
Locheil,  near  Fort  William.    Whether  it  is  that  I  have  sought  more  diU- 

Stntly  for  cases  when  in  snch  locslities,  or  whether  it  is  that  the  sea  air 
voara  that  excessive  nutritioa  whence  these  transformations  result^  I  am 
nnaUe  to  say. 
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nmbellale  is  composed  of  two,  three,  or  four  flowers.  7.  Bat  the 
most  remarkable  fact  is,  that  in  sondrj  of  these  peripheral  dusters, 
resulting  from  the  metamorphosis  of  simple  umbels  into  componnd 
umbels,  the  like  metamorphosis  is  carried  a  stage  higher.  Some  of 
the  component  rajs,  are  themselves  the  bearers  of  compound  umbels 


instead  of  simple  umbeb.  In  Fig.  70,  a  portion  of  the  dried  speci- 
men is  represented.  Two  of  the  central  umbellules  are  marked  a 
and  b ;  those  marked  e  and  d  are  mixed  clusters ;  at  e  and  /  are 
componnd  umbels  replacing  simple  ones ;  and  g  shows  one  of  the 
rajs  on  which  the  OTer-deyelopment  goes  still  further. 

Does  not  this  eyidence,  enforced  as  it  is  by  much  more  of  like 
kind,  go  tar  to  prore  that  foliar  orq^ns  may  be  dereloped  into  axial 
organs  i  Even  were  not  the  transitional  forms  traceable,  there  would 
still,  I  think,  be  no  other  legitimate  interpretation  of  the  facts  last 
detailed.  The  only  way  of  eluding  the  conclusion  here  drawn,  is  by 
ftaanming  that  whcre  ft  clustcr  of  flowers  replaces  a  single  flower,  it 
is  because  the  axillary  buds  which  hypothetically  belong  to  the 
sereral  foliar  organs  of  the  flower,  become  developed  into  axes ;  and 
assuming  this,  is  basing  an  hypothesis  on  another  hypothesis  that  is 
directly  at  variance  with  facts.  The  foliar  organs  of  flowers  do  noi 
bear  buds  in  their  axils ;  and  it  would  never  have  been  supposed 
that  such  buds  are  typically  present,  had  it  not  been  for  that 
mistaken  conception  of  ^'  type  "  which  has  led  to  many  other  errors 
in  Biology.  Goethe  writes:  ''Now  as  we  cannot  realize  the  idea 
of  a  leaf  apart  from  the  node  out  of  which  it  springs,  or  of  a  node 
without  a  bud,  we  may  venture  to  infer,"  &c  See  here  an  example 
of  a  method  of  philosophizing  not  uncommon  among  the  Germans. 
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The  method  is  this — Sturej  a  portion  of  the  facts,  and  drair  frcHn 
them  a  general  conception ;  project  this  general  conception  back 
into  the  objective  world,  as  a  monld  in  which  Natnre  casts  her 
products ;  expect  to  find  it  everywhere  fulfilled ;  and  allege  poten- 
tial fulfilment  where  no  actual  fulfilment  is  visible. 

If  instead  of  imposing  our  ideal  forms  on  Nature,  we  are  con« 
tent  to  generalize  the  facts  as  Nature  presents  them,  we  shall  find 
no  warrant  for  the  morphological  doctrine  above  enunciated.  The 
only  conception  of  type  justified  by  the  logic  of  science,  is — ^that 
correlation  of  parts  which  remains  constant  under  all  modifications 
of  the  structure  to  be  defined.  To  ascertain  this,  we  must  compare 
all  these  modifications,  and  note  what  traits  are  common  to  them. 
On  doing  so  with  the  successiye  segments  of  a  phaenogamic  axis, 
we  are  brought  to  a  conclusion  widely  different  from  that  of  Goethe. 
Axillary  buds  are  aUnost  universally  absent  from  the  cotyledons ; 
they  are  habitually  present  in  the  axils  of  fully-developed  leaves 
higher  up  the  axis  ;  they  are  often  absent  from  leaves  that  are  close 
to  the  fiower ;  they  are  nearly  always  absent  from  the  bracts ;  absent 
from  the  sepals ;  absent  from  the  petals ;  absent  from  the  stamens  ; 
absent  from  the  carpels.  Thus,  out  of  eight  leading  forms  which 
folia  assume,  one  has  the  axillary  bud  and  seven  are  without  it. 
With  these  facts  before  us.  it  seems  to  me  not  difficult  to  *'  realize 
The  idea''  "of  a  node  without  a  bud."  If  we  are  not  possessed 
by  a  foregone  conclusion,  the  evidence  will  lead  us  to  infer,  that 
each  node  bears  a  foliar  appendage  and  may  bear  an  axillary  bud. 

£ven«  however,  were  it  granted  that  the  typical  segment  of  a 
PhflBuogam  includes  an  axUIary  bud,  which  most  be  regarded  as 
always  potentially  present,  no  legitimate  counter-interpretation  of 
the  monstrosities  above  described  could  thence  be  drawn.  If  when 
an  umbellule  is  developed  in  place  of  a  flower,  the  explanation  is, 
that  its  component  rays  are  axillary  to  the  foliar  organs  of  the 
fiower  superseded ;  we  may  fairly  require  that  these  foliar  organs  to 
which  they  are  axillary,  shall  be  shown.  But  there  are  none.  In 
the  last  specimen  figured,  the  inner  rays  of  each  such  umbellule  are 
without  them ;  most  of  the  outer  rays  are  also  without  them ;  and 
m  one  cluster,  only  a  single  ray  has  a  bract  at  its  point  of  origin. 
There  is  a  rejoinder  ready,  however :  the  foliar  organs  are  said  to 
be  suppressed.  Though  Goethe  could  not  ''  realize  the  idea**  ^  of 
a  node  without  a  bud,"  those  who  accept'  his  typical  form  appear  to 
find  no  difficulty  in  realizing  the  idea  of  an  axillary  bud  wHhont  * 
anything  to  which  it  is  axillary.  But  letting  this  pass,  suppose  we 
ask  what  is  the  warrant  for  this  assumed  suppression.  AjoUaiy 
buds  normally  occur  where  the  nutrition  is  high  enough,  to  prodoca 
fully-developed  leaves;  and  when  axillary  buds  are  demonstrably 
present  in  flowers,  they  accompany  foliar  organs  that  are  more  leaf* 
like  than  usual— always  greener  if  not  always  larger.    That  is  to 
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8aj,  the  ncmnal  and  the  abnormal  axflkry  bnds,  are  alike  the  con* 
comitants  of  foliar  organs  coloured  hj  that  chlorophjU  \rhich 
habitnally  faroars  foliar  development.  How,  then,  can  it  be  sup* 
posed  that  when,  out  of  a  flower  there  is  developed  a  cluster  of 
flower-bearing  rays,  the  implied  excess  of  nutrition  causes  the  foliar 
organs  to  abort  t  It  is  true  that  very  generallj  in  a  branched  in* 
florescence,  the  bracts  of  the  several  flower-branches  are  very  small 
(their  smallness  being  probably  due  to  that  defective  supply  of 
certain  chlorophyll-forming  matters,  which  is  the  proximate  cause 
of  flowering) ;  and  it  is  true  that,  under  these  conditions,  a  flower- 
ing axis  of  considerable  size,  for  the  development  of  which  chloro* 
phyll  is  less  needful,  grows  from  the  axil  of  a  dwarfed  leaf.  But 
the  inference  that  the  fotiar  organ  may  therefore  bo  entirely  sup- 
pressed, seems  to  me  irreconcilable  with  the  fact.  Unit  the  toliiir 
organ  is  always  developed  to  some  extent  bf/oi^  the  axillary  bud 
appears.  Until  it  has  been  shown  that  in  some  cases  a  lateral  but  I 
first  appears,  and  a  foliar  onran  ajhncards  cjrows  out  beneath  it,  to 
fonn  its  axil,  the  conception  of  an  axillarv  bud  of  which  the  foliar 
origan  is  snppressed.  will  remain  at  variance  with  the  established 
truilis  of  development. 


The  above  originally  formed  a  portion  of  §  190.  I  have  transferred 
it  to  the  Appendix,  partly  because  it  contains  too  much  detail  to 
render  it  fit  for  the  general  argument,  and  portly  because  the  inter- 
pretations being  open  to  some  question,  it  seemed  undesirable  to  risk 
compromising  that  argument  by  including  them.  The  criticisms 
passed  upon  these  interpretations  have  not,  however,  sufficed  to  con- 
vince me  of  their  incorrectness.  Unfortunately,  I  have  since  had  no 
opportunity  of  verifying  the  above  statements  by  microscopic  exami- 
nations, as  I  had  intended. 

Though  unable  to  enforce  the  inference  drawn  by  further  facts 
more  minutely  looked  into,  I  may  add  some  argtimonts  based  oit 
facts  that  are  well  known.  One  of  these  is  the  fact  that  the  so- 
called  axillary  bud  is  not  universally  axillary — is  not  universally 
seated  in  the  angle  made  by  the  axis  and  an  appended  foliar  organ* 
In  certain  plants  the  axillary  bud  is  placed  far  above  the  node, 
half-way  between  it  and  the  succeeding  node.  So  that  not  only  may 
a  segment  of  a  phsnogamic  axis  be  without  the  axillary  bud,  but 
the  axillary  bud,  when  present,  may  be  removed  from  that  place  in 
which,  according  to  Goethe,  it  necessarily  exists.  Another  fact  not 
congruous  with  the  current  doctrine,  is  the  common  occurrence  of 
'^adventitious"  buds — ^the  buds  that  are  put  ont  from  roots  and  from 
old  stems  or  branches  bare  of  leaves.  The  name  under  which  they  are 
thus  chissed,  is  meant  to  imply  that  they  may  be  left  dnt  of  conside- 
ration.   Those,  however,  who  have  not  got  a  theory  to  save  by 
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putting  anomalies  oat  of  sight,  may  be  inclined  to  think  that  the 
occurrence  of  buds  where  thej  are  arowedlj  unconnected  with 
nodes,  and  are  axillary  to  nothing,  tells  Tery  much  against  the  as- 
sumption that  every  bud  implies  a  node  and  a  corresponding  foliar 
organ.  And  they  may  also  see  that  the  development  of  these  ad- 
ventitious buds  at  places  where  there  is  excess  of  nutritive  mate- 
rials, favours  the  view  above  set  forth.  For  if  a  bud  thus  arises  at 
a  place  where  it  is  not  morphologically  accounted  for,  simply  because 
there  happens  to  be  at  that  place  an  abundance  of  unorganized  pro- 
toplasm ;  then,  clearly,  it  is  likely  that  if  the  mass  of  protaplasm 
from  which  a  leaf  would  usually  arise,  is  greatly  increased  in  mass 
by  excess  of  nutrition,  it  may  develop  into  an  axis  instead  of  a  leaf. 


APPENDIX    B. 


A  CRITICISM  ON  PJIOF.    OWEN'S  THEORY  OF  THE 

VERTEBRATE  SKELETON. 


[Frwnihc  Bamsn  Jt  Forcigx  Meoico-Cuiihtroicai. Review  forOit.,  1S5S,] 


L  On  the  Arc/ietJ/pe  ajul  JTofnohgi'ts  of  the  Vc7'tcbrafc  *S.(.vA\V'i.  I*  f 
Richard  Owen,  jr.R.S. — London^  1848.    /)/).  172. 

n.  Principes  ctOsUologie  CcmpaHe^  au  Jiechefxhes  9ur  TArdiitypt 
et  hs  Homologies  du  SquekUe  Vertibrf.  Par  Richabd  0\rxN. — 
Paris. 

Principles  of  Comparative  Osteology;  or^  Researches  on  the  Arcnett/pe 
and  the  Homologies  of  the  Vertebrate  Skeleton.  By  Richard 
Owen. 

III.     On  tlie  Nature  of  Limbs.     A  Discourse  delivered  on  Fridaf/, 
February  0,  at  an  Euenitig  Meeting  of  Uie  lioyal  Institution  of 
Great  Britain.    By  Richard   Owen,  F.B.:S.^^Londotiy    1841). 
pp.  110. 

JuDOXKO  whether  another  proves  his  position  is  a  widely  different 
thing  from  proving  your  own.  To  establish  a  general  law  requires 
an  extensive  knowledge  of  the  phenomena  to  be  generalized ;  bat  to 
decide  whetiier  an  alleged  general  law  is  established  by  the  evidence 
assigned,  requires  merdy  an  adequate  reasoning  faculty.  Especially 
is  such  a  decision  easy  where  the  premises  do  not  warrant  the  con* 
elusion.  It  may  be  dangerous  for  one  who  has  but  little  previous 
acquaintance  with  the  facts,  to  say  that  a  generalization  is  demon- 
strated ;  seeing  that  the  argument  may  be  one-sided :  there  may  be 
many  facts  unknown  to  him  which  disprove  it.  But  it  is  not 
dangerous  to  give  a  negative  verdict  i>'hen  the  alleged  demonstra- 
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tiou  is  manifestly  insnfficient.  If  the  data  put  before  him  do  not 
bear  out  the  inference,  it  is  competent  for  ererj  logical  reader  to 
say  so. 

From  this  stand-point,  then,  we  yentore  to  criticize  some  of 
Professor  Oweas  osteoiogical  theories.  For  his  knowledge  of 
comparatire  osteology  we  hare  the  highest  respect.  Wo  believe 
that  no  living  man  has  so  wide  and  detailed  an  acquaintance  with 
the  bony  structure  of  the  Vertebrata.  Indeed,  there  probably  has 
never  been  any  one  whose  information  on  the  subject  was  so  nearly 
exhaustive.  Moreover,  we  confess  that  nearly  all  we  know  of  this 
department  of  biology  has  been  learnt  from  his  lectures  and  writ- 
ings. We  pretend  to  no  independent  investigations,  but  merely  to 
such  knowledge  of  the  phenomena  as  he  has  furnished  us  with. 
Our  position,  then,  is  such  that,  had  Professor  Owen  simply  enun- 
ciated his  generalizations,  we  should  have  accepted  them  on  his 
authority.  But  he  has  brought  forward  evidence  to  prove  them. 
By  so  doing  he  has  tacitly  appealed  to  the  judgments  ot  his  readers 
and  hearers — lias  practically  said,  "  Here  are  the  facts ;  do  they 
not  warrant  these  conclusions  ?*'  And  ail  we  propose  to  do.  is  to 
<}onsidcr  whether  the  conclusions  are  warranted  by  the  facts  brought 
forward. 

Let  us  fir^t  limit  the  scope  of  our  criticisms.  On  that  division 
ot  comparative  osteology  which  deals  with  what  Professor  Owen 
distinguishes  as  *'•  special  homologies,"  we  do  not  propose  to  enter. 
That  the  wing  of  a  bird  is  framed  upon  bones  essentially  parallel  to 
those  of  a  mammal's  fore-limb ;  that  the  cannon-bone  of  a  horse's 
leg  answers  to  the  middle  metacarpal  of  the  human  hand ;  that 
various  bones  in  the  skull  of  a  fish  are  homologous  with  bones  in 
the  skuU  of  a  man — ^these  and  countless  similar  facts,  we  take  to  be 
well  established.  It  may  be,  indeed,  that  the  doctrine  of  special 
homologies  is  at  present  carried  too  far.  It  may  be  that,  just  as 
the  sweeping  generalization  at  one  time  favoured,  that  the  embryonic 
phases  of  the  higher  animals  represent  the  adult  forms  of  lower 
ones,  has  been  found  untrue  in  a  literal  sense,  and  is  acceptable 
only  in  a  qualified  sense ;  so  the  sweeping  generalization  that  the 
skeletons  of  all  vertebrate  animals  consist  of  homol^ous  parts,  will 
have  to  undergo  some  modification.  But  that  this  generalization 
is  substantially  true,  all  comparative  anatomists  agree. 

The  doctrine  which  we  are  here  to  consider,  is^  quite  a  separate 
one — ^that  of  '<  general  homologies."  The  truth  or  falsity  of  this 
may  be  decided  on  quite  apart  horn  that  of  the  other.  Whether 
certain  bones  in  one  vertebrate  anunal's  skeleton  correspond  with 
certain  bones  in  another's,  or  in  every  other's,  is  one  qnestion ;  and 
whether  the  skeleton  of  every  vertebrate  animal  is  divisible  into  a 
series  of  segments,  each  of  whidi  is  modeUed  after  the  same  type, 
is  another  question.    WhOe  the  first  is  answered  in  the  affirmative^ 
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the  last  ma  J  bo  answered  in  the  negative ;  and  we  propose  to  gire 
reasons  whj  it  shoold  be  answered  in  the  negative. 

In  so  far  as  his  theory  of  the  skeleton  is  concerned,  Professor 
Owen  is  an  avowed  disciple  of  Pktto.  At  the  conclusion  of  his 
Archetype  and  Homologies  of  the  Vertebrate  Steletouy  he  quotes  ap* 
proringij  the  Platonic  hypothesis  of  jifxi,  ^'a  sort  of  models,  or 
moulds  in  which  matter  is  cast,  and  which  regularly  produce  the 
same  number  and  diversity  of  species."  The  vertebrate  form  in 
general  (see  diagram  of  the  Archetiffna)^  or  else  the  form  of  each 
kind  of  vertebrate  animal  (see  p.  172,  where  this  seems  implieii), 
Professor  Owen  conceives  to  exist  as  an  'Mdea" — on  *^  arche- 
typal exemplar  on  which  it  has  pleased  the  Creator  to  frame 
certain  of  his  living  creatures."  AV'hcther  Professor  Owen  holds 
that  the  typical  vertebra  also  exists  as  an  ^^idea,"  is  not  so 
certain.  From  the  title  given  to  his  figure  of  the  **  ideal  typical 
vortebrn/*  it  would  seem  that  he  does ;  and  at  p.  40  ot  his 
Suture  of  Liinbs^  and  iudeed  throui^hout  his  general  arsrumeot.  this 
supposition  is  implied.  Uut  r>n  the  last  two  pages  of  the  Archetupe 
and  Homologies,  it  is  distinctly  uilci^ed  that  '*  the  repetition  ot  simi- 
lar sccrments  in  a  vertebral  column,  and  of  similar  elcraeuts  iu  a 
vertebral  segment,  is  anaioi^ous  to  the  repetition  ot  similar  crystals 
OS  the  result  of  polarizing  force  in  the  growth  of  an  inorganic 
body ; "  it  is  pointed  out  that,  ^'  as  we  descend  the  scale  of  animal 
life,  the  forms  of  the  repeated  parts  of  the  skeleton  approach  more 
and  more  to  geometrical  figures ; "  and  it  is  inferred  that  '*  the 
Platonic  ti4a  or  specific  organising  principle  or  force,  wotdd  seem 
to  be  in  antagonism  with  the  general  pobrizing  force,  and  to  sub* 
due  and  mould  it  in  subserviency  to  the  e:dgencies  of  the  resulting 
specific  form."  If  Professor  Owen's  doctrine  is  to  be  understood 
as  expressed  in  these  closing  paragraphs  of  his  Archetype  and  Homo^ 
logiea — if  he  considers  that  '^  the  Uta  "  ^^  Avhich  produces  the  diver- 
sity of  form  belonging  to  living  bodies  of  the  same  materials,"  Is 
met  by  the  **  counter-operation'*  of  '^the  polarizing  force  pervading 
all  space,"  which  produces  ^^  the  similarity  of  forms,  the  repetition 
of  parts,  the  signs  of  unity  of  organization,"  and  which  is  **  subdued  " 
as  we  ascend  **  in  the  scale  of  being ; "  then  we  may  pass  on  ?rith 
the  remark  that  the  hypothesis  is  too  cumbrous  and  involved  to 
have  much  vraieemblance.  If,  on  the  other  hand,  Professor  X)wen 
holds,  as  every  reader  would  suppose  from  the  general  tenor  of  his 
reasonings,  that  not  only  does  there  exist  an  archetypal  or  ideal 
vertebrate  skeleton,  but  that  there  also  exists  an  archetypal  or 
ideal  vertebra;  then  he  carries  the  Pkitonic  hypothesis  much 
further  than  Plato  does.  Plato's  argument,  that  before  any  species 
of  object  was  created  it  must  have  existed  as  an  idea  of  the  Creative 
Intelligence,  and  that  hence  all  objects  of  such  species  must  be 
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copies  of  this  original  idea,  is  tenable  enough  from  the  anthropo- 
morphic point  of  yiei7.  But  while  those  who,  with  Plato,  think  fit 
to  base  their  theory  of  creation  npon  the  analogy  of  a  carpenter 
designing  and  making  a  table,  must  yield  assent  to  Plato's  inference, 
they  are  by  no  means  committed  to  Professor  Owen's  expansion  of 
it.  To  say  that  before  creating  a  yertebrate  animal,  God  must 
hare  had  the  conception  of  one,  does  not  inyoke  saying  that  God 
gratuitously  bound  himself  to  make  a  yertebrate  animal  out  of  seg- 
ments aJi  moulded  after  one  pattern.  As  there  is  no  conceiyable 
advantage  in  this  alleged  adhesion  to  a  fundamental  pattern— as, 
for  the  fulfilment  of  the  intended  ends,  it  is  not  only  needless,  but 
often,  as  Professor  Owen  argues,  loss  appropriate  than  some  other 
construction  would  be  (see  Nature  of  Linti>8^  pp.  39,  40),  to  sup- 
pose the  creative  processes  thus  regulated,  is  not  a  little  startling. 
Even  those  whose  conceptions  are  so  anthropomorphic  as  to  think 
they  honour  the  Creator  by  calling  him  ^'  the  Great  Artificer,"  will 
scarcely  ascribe  to  him  a  proceeding  which,  in  a  hnman  artificer, 
thev  would  consider  a  not  very  worthy  exercise  of  inffenuitv. 

But  whichever  of  these  alternatives  Professor  Owen  contends  for 
— whether  the  typical  vertebra  is  that  more  or  less  crrstalline  figure 
wiiicii  osseous  matter  ever  tends  to  assume  in  spite  -of  ^^  the  Htx  or 
organizing  principle,"  or  whether  the  typical  vertebra  is  itseif  an 
'^  i^cs  or  organizing  principle" — ^there  is  alike  implied  the  belief 
that  the  typical  vertebra  has  an  abstract  existence  apart  from  actual 
yertebne.  It  is  a  form  which,  in  every  endoskeleton,  striyes  to 
embody  itself  in  matter — a  form  which  is  potentially  present  in  each 
yertebra ;  which  is  manifested  in  each  yertebra  witii  more  or  less 
clearness ;  but  which,  in  consequence  of  antagonizing  forces,  is  no- 
where completely  realized.  Apart  from  the  philosophy  of  this 
hypothesis,  let  us  here  examine  the  evidence  which  is  thought  to 
justify  it. 

And  first  as  to  the  essential  constituents  of  the  ^Mdeal  typical 
vertebra."  Exclusive  of  '^  diverging  appendages "  which  it  ^  may 
also  support,"  '^  it  consists  in  its  typical  completeness  of  the  follow- 
ing elements  and  parts": — ^A  cenJtrwn  round  which  the  rest  are 
arranged  in  a  somewhat  radiate  manner;  above  it  two  neurapopk^eee 
—converging  as  they  ascend,  and  forming  with  the  centrum  a  trian- 
guloid  space  containing  the  neural  axis ;  a  newral  tpine  surmounting 
the  two  neun^ophyses,  and  with  them  completing  the  neural  arch ; 
below  the  centrum  two  hamapopkyees  and  a  hcanal  sptne^  forming  a 
hsemal  arch  similar  to  the  neural  arch  above,  and  enclosing  the 
haemal  axis ;  two  plmrcpoph/sea  radiating  horizontally  from  the 
sides  of  the  centrum ;  and  two  parapophyeea  diverging  from  the 
centrum  below  the  pleurapophyses.  ^^These,**  says  Professor 
Owen,  <*  being  usually  developed  from  distinct  and  independent 
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eeotres,  I  hsre  termed  'autogenous  elements.**  The  remaining 
elements,  whidi  be  classes  as  ^  exogenoos,"  because  thej  ^  shoot 
oot  as  continuations  from  some  of  the  preceding  elements,*  are  the 
diapoph^uB  diTerging  from  the  upper  part  of  the  centrum  as  the 
parapophjses  do  below,  and  the  ryyapophyses  which  grow  out  of  the 
distal  ends  of  the  neurapoph jses  and  hsemapophjses. 

tf,  now,  these  are  the  constituents  of  the  rertebrate  segment  *'  in 
its  tjpical  completeness ;"  and  if  the  rertebrate  skeleton  consists  of 
a  succession  of  such  segments ;  we  ought  to  haye  in  these  con- 
stituients,  leptescntatiyes  of  all  the  elements  of  the  Tertebrate 
skeleton — at  any  rate,  all  its  essential  elements.  Are  we  then  to « 
conclude  that  the  "  direrging  appendages,"  which  Professor  Owen 
regards  as  rudimcntal  limbs,  and  from  certain  of  which  he  considers 
actual  limbs  to  be  dereloped.  are  tjpicailr  less  important  than  some 
of  the  abore-specified  cxogenons  parts — say  the  zvgapophyses  f 

That  the  roeaoin?  of  this  question  may  be  understood,  it  will  be 
needful  brieflv  to  state  Prote^sor  Owen's  thcorv  of  2\'ie  yatur^e  of 
Limbs :  and  such  criticisms  ns  wc  hare  to  make  on  it  must  be  in- 
cluded in  the  parenthesis.  In  the  first;  place,  be  aims  to  show  that 
the  scapular  and  pelvic  arches,  iririntr  insertion  to  the  fore  and  hind 
Limbs  rcspectireiy,  are  displaced  and  modihed  hsemai  arcties, 
originally  belonging  in  the  one  case  to  the  occipital  vertebra,  and  In 
the  other  case  to  some  tmnk-rertebra  not  specified.  In  support  of 
this  assmnption  of  displacement,  carried  in  some  cases  to  the. extent 
of  ticenty-geven  rertebne,  Professor  Owen  cites  certain  acknow- 
ledged d^lacements  which  occur  in  the  human  skeleton  to  the  ex- 
tent of  half  a  rertebra — ^a  somewhat  slender  justification.  But  for 
proof  that  such  a  displacement  has  taken  place  *in  the  scapular  arch, 
he  chiefly  relies  on  the  fact  that  in  fishes,  the  pectoral  fins,  which 
are  the  homologues  of  the  fore-limbs,  are  directly  articulated  to 
certain  bones  at  the  back  of  the  head,  which  he  alleges  are  parts 
of  the  occipital  rertebra.  This  appeal  to  the  class  of  fishes  is 
arowedly  made  on  the  principle  that  these  lowest  of  the  Vei^tebrcua 
approach  closest  to  archetypal  regularity,  and  may  therefore  be 
expected  to  show  the  original  relations  of  the  bones  more  nearly. 
Simply  noting  the  facts  that  Professor  Owen  does  not  gire  us  any 
transitional  forms  between  tha  alleged  normal  position  of  the 
scapular  arch  iiT  fishes,  and  its  extraordinary  displacement  in  the 
higher  Veridfrataf  and  that  he  makes  no  reference  to  the  embryonic 
pluses  of  the  higher  VertebraiOy  which  might  be  expected  to  ex- 
fubit  the  progressire  displacement ;  we  go  on  to  remark  that,  in 
the  case  of  the  pelric  arch,  he  abandons  his  principle  of  appealing 
to  the  lowest  rertebrate  forms  for  proof  of  the  typical  structure. 
In  fishes,  the  rudimentary  pelris,  widely  remored  from  the  spinal 
column,  shows  no  signs  of  baring  belonged  to  any  rertebra ;  and 
here  Professor  Owen  instances  the  peronnibranchiate  Batrachia  as 
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exhibiting  tho  typical  strnctore :  remarking  that  '^  mammals,  birds, 
and  reptiles  show  the  role  of  connexion,  and  fishes  the  exception.** 
Thus  in  the  cose  of  the  scapular  arch,  the  eridence  afforded  hj 
Gshes  is  held  of  great  weight,  because  of  their  archetypal  regularity ; 
while  in  the  case  of  the  peine  arch,  their  evidence  is  rejected  as 
exceptional.  But  now,  having,  as  he  considers,  shown  that  these 
bony  frames  to  which  the  limbs  are  articulated  are  modified  hiemal 
arches.  Professor  Owen  points  out  that  the  hicmal  arches  habitually 
bear  certain  ''  diverging  appendages ;"  and  he  aims  to  show  that 
the  "  direrging  appendages  "  of  the  scapular  and  pelyic  arches  re- 
spectively, are  dereloped  into  the  fore  and  hind  limbs.  There  are 
several  indirect  ways  in  which  we  may  test  the  probability  of  this 
conclusion.  If  these  diverging  appendages  ore  "  rudimentoi  limbs  ** 
— "  future  possible  or  potential  arms,  legs,  wings,  or  feet,"  we  may 
fairly  expect  them  always  to  bear  to  the  hoemal  arches  a  relation 
such  as  the  limbs  do.  But  they  by  no  means  do  this.  "  As  the 
vertebrtc  approach  the  tail  these  appendages  are  often  transferred 
gradually  irora  the  pleurapophysis  to  the  porapophysis,  or  even  to 
the  centrum  and  neural  arch."  {Arch,  and  Hom.j  p.  03.)  Again, 
it  might  naturally  be  assumed  that  in  the  lowest  vertebrate  forms, 
where  ilic  limbs  are  but  little  deveiopod,  they  would  most  clearly 
display  their  alliance  with  the  appendages,  or  *'•  rudimental  limbs, "* 
by  the  sunilarity  of  then:  attachments.  Instead  of  this,  however, 
Professor  Owen's  drawings  show  that  whereas  the  appendages  are 
habitually  attached  to  the  pleurapophyses,  the  limbs,  in  their  earliest 
and  lowest  phase,  alike  in  fishes  and  in  the  Lepidosirerij  ore  articu* 
lated  to  the  hsemapophyses.  Most  anomalous  of  all,  howerer,  is 
the  process  of  deyelopment  When  we  speak  of  one  thing  as  being 
developed  out  of  another,  we  imply  that  tiie  parts  next  to  the  germ 
are  the  first  to  appear,  and  the  most  constant.  In  the  evolution  of 
a  tree  out  of  a  seed,  there  come  at  the  outset  the  stem  and  tho 
radicle ;  afterwards  the  branches  and  divergent  roots ;  and  still 
later  the  branchlets  and  rootlets ;  the  remotest  ports  being  the  hitest 
and  most  inconstant.  If,  then,  a  limb  is  developed  out  of  a  **  di- 
verging appendage  "  of  the  hmmal  arch,  the  earliest  and  moA  con- 
stant ^nes  should  be  the  Jiumerus  and  femur ;  next  in  order  of 
time  and  constancy  should  come  the  coupled  bones  based  on  these ; 
while  the  terminal  groups  of  bones  should  be  the  last  to  make  their 
appearance,  and  the  most  liable  to  be  absent.  '  Yet,  aa  Professor 
Owen  hhnself  shows,  the  actual  mode  of  development  is  the  very  re- 
verse of  this.   At  p.  16  of  the  Archetype  and  Homologies^  he  says  :-* 

*'  The  earlier  stages  in  the  development  of  all  locomotiva  extremities  are 
permanently  retained  or  represented  in  the  paired  fins  of  fiaheiL  Pixst  the 
essential  part  of  the  member,  the  hand  or  foot,  appears :  then  the  fore-ann 
or  leg,  both  much  shortened,  flattened,  and  expanded,  as  inidl  tins  and  all 
embryonic  rudiments  of  limbs  :  finally  come  the  hameral  and  femoral  seg- 
ments ;  bat  this  stage  I  have  not  found  attained  in  any  fish." 
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That  is  to  say,  alike  in  ascending  throngh  the  Verttbrata  gene- 
rally, and  in  tracing  np  the  sacccssive  phases  of  a  mammalian  em- 
bryo, the  last-dereloped  and  least  constant  division  of  the  limb,  is 
that  basic  one  by  which  it  articnlates  with  the  haemal  arclL  It 
seems  to  ns  that,  so  far  from  proving  his  hypothesis,  Professor 
Owen's  own  facts  tend  to  show  that  limbs  do  not  belong  to  the 
rertebriB  at  all ;  that  they  make  their  first  appearance  peripherally ; 
that  their  development  is  centripetal ;  and  that  they  become  fixed 
to  snch  parts  of  the  vertebrate  axis  as  the  requirements  of  the  case 
determine. 

But  now,  ending  here  this  digressive  exposition  and  criticism, 
and  granting  the  position  that  limbs  *'  are  developments  of  costal 
appendages,"  let  us  retnm  to  the  question  above  put — Why  are  not 
these  appendages  included  as  elements  of  the  '^  ideal  typical  ver- 
tebra f  "  It  cannot  be  because  of  their  comparative  inconstancy ; 
for  judging  from  the  illustrative  figures,  they  seem  to  be  as  con- 
scant  OS  the  hx*mal  spine,  which  is  one  of  the  so-called  autogenous 
elements :  in  the  diagram  of  the  Archetypus^  the  appendage  is  re- 
presented as  attached  to  every  vertebrate  segment  of  the  head  and 
trunk,  which  the  hiemal  spine  is  not.  It  cannot  be  from  their  com- 
parative unimportance ;  seeing  that  as  potential  limbs  they  arc 
essential  parts  of  nearly  all  the  Vertebrata — much  more  obviously 
so  than  the  diapophyses  are.  If,  as  Professor  Owen  argues,  '^  the 
divine  mind  which  planned  the  archetype  also  foreknew  all  its 
modifications ;"  and  if,  among  these  modifications,  the  development 
of  limbs  oat  of  diverging  appendages  was  one  intended  to  charac- 
terize all  the  higher  Vertebrata ;  then,  sorely,  these  diverging  ap- 
pendages must  have  been  parts  of  the  ^^  ideal  typical  vertebra." 
Or,  if  the  ''  ideal  typical  vertebra"  is  to  be  understood  as  a  crystal- 
luie  form  in  antagonism  with  the  organizing  principle ;  then  why 
should  not  the  appendages  be  included  among  its  various  offshoots  i 
We  do  not  ask  this  question  because  of  its  intrinsic  importance. 
We  ask  it  for  the  purpose  ot  ascertaining  Professor  Owen's  method 
of  determining  what  are  true  vertebral  constituents.  He  presents 
ns  witn  a  diagram  of  the  typical  vertebra,  in  which  are  included 
certain  bones,  and  from  which  are  excluded  certain  others.  If  re- 
lative constancy  is  the  criterion,  then  there  arises  the  question — 
What  degree  of  constancy  entitles  a  bone  to  be  included  ?  If  re- 
lative importance  is  the  criterion,  there  comes  not  only  the  qnestion 
— ^What  degree  of  importance  suffices  ?  but  the  further  question 
— ^How  is  importance  to  be  measured  ?  If  neither  of  these  is  the 
criterion,  then  what  is  it !  And  if  there  is  no  criterion,  does  it 
not  follow  that  the  selection  is  arbitrary  t 

This  question  serves  to  introduce  a  much  wider  one  : — Has  the 
*'  ideal  typical  vertebra"  any  essential  constituents  at  all  ?    It  might 
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natnrallj  be  supposed  that  though  some  bones  are  so  rarely 
developed  as  not  to  seem  worth  inclading,  and  thoagh  some  that 
are  incladed  are  ver j  apt  to  be  absent ;  jet  that  certain  others  are 
invariable :  forming,  as  it  were,  the  basis  of  the  ideal  type.  Let 
us  see  whether  the  facts  bear  out  this  supposition.  In  his  "summarj 
of  modifications  of  corporal  vertebrs"  (p.  96),  Professor  Owen 
says — '*  The  hcenuU  spine  is  much  less  constant  as  to  its  existence, 
and  is  subject  to  a  much  greater  range  of  variety,  when  present, 
than  its  vertical  homotype  above,  which  completes  the  neural  arch.** 
Again  he  says — *'The  hcBmapophyseSj  as  osseous  elements  of  a 
vertebra,  are  less  constant  than  tiie  pleurapophyses."  And  again— 
'*  The  pUurapophif8t8  are  less  constant  elements  than  the  neorapo- 
pliyses."  And  again — '^  Amongst  air-breathing  vertebrates  the 
jUtarapophyses  of  the  trunk  segments  are  present  only  in  those  species 
in  whicfauthe  septum  of  the  hearths  ventricle  is  complete  and  imper- 
forate, and  here  they  are  exogenous  and  confined  to  the  cervical 
and  anterior  thoracic  vertebrae."  And  once  more,  both  the  neura- 
pophyses  and  the  neural  spine  *^  are  absent  under  both  histological 
conditions,  at  the  end  of  the  tail  in  most  air-breathing  vertebrates, 
where  the  segments  are  reduced  to  their  central  elements."  Tliat 
is  to  say,  of  all  the  peripheral  elements  of  the  'Mdeal  typical 
vertebra,"  there  is  not  one  which  is  always  present.  It  will  be  ex- 
pected, however,  that  at  any  rate  the  centrum  is  constant :  the  bone 
which  *'  forms  the  axis  of  the  vertebral  column,  and  commonly  the 
central  bond  of  union  of  the  peripheral  elements  of  the  vertebra 
(p.  97),  is  of  course  an  invariable  element.  No :  not  even  this  is 
essential 

"The  oentrams  do  not  pass  beyond  the  primitive  ttage  of  the  notochoid 
(undivided  column)  in  the  existing  lepidoairen,  and  they  retained  the  like 
radimental  state  in  every  fish  whose  remains  have  been  found  in  stnta 
earlier  than  the  permian  sera  in  Geology*  though  the  number  of  vertebrae  is 
frequently  indicated  in  Devonian  and  SUnrian  ichthyoUtes  by  the  fossilized 
neur-  and  haomapophyses  and  their  spines  "  (p.  9G). 

Indeed,  Professor  Owen  himself  remarks  that  'Hhe  neorapo- 
physes  are  more  constant  as  osseous  or  cartilaginous  elements  of  the 
vertebrsa  than  the  centrums  "  (p.  97).  Thus,  then,  it  appears  that 
the  several  elements  included  in  the  ''  ideal  typical  vertebra  **  have 
variot(S  degrees  of  constancy,  and  that  no  one  of  them  is  essential 
There  is  no  one  part  of  a  vertebra  which  invariably  answers  to  its 
exemplar  in  the  pattern-group.  How  does  this  fact  consist  with  the 
hypothesis  ?  If  the  Creator  saw  fit  to  make  the  vertebrate  skeleton 
out  of  a  series  of  segments,  all  formed  on  essentially  the  same  model 
— if,  for  the  maintenance  of  the  type,  one  of  these  bony  segments  is 
io  many  cases  formed  out  of  a  coalesced  group  of  pieces,  where,  as 
Professor  Owen  argues,  a  single  piece  would  have  served  as  weU  or 
better ;  then  we  ought  to  find  this  typical  repetition  of  parts  mii- 


525 

formly  manifested.  Without  any  change  of  shape,  it  would  obri- 
ouslj  have  been  quite  possible  for  ererj  actual  vertebra  to  have 
contained  all  the  parts  of  the  ideal  one— rudimentally  where  they 
were  not  wtfnted.  Even  one  of  the  terminal  bones  of  a  mammars 
tail  might  have  been  formed  out  of  the  nine  autogenous  pieces, 
united  by  suture  but  admitting  of  identification.  As,  however, 
there  is  no  such  uniform  typical  repetition  of  parts,  it  seems  to  us 
that  to  account  for  the  typical  repetition  which  does  occur,  by  sup- 
posing the  Creator  to  have  fixed  on  a  pattern-vertebra,  is  to  ascribe 
to  him  the  inconsistency  of  forming  a  plan  and  then  abandoning  it. 
If,  on  the  other  hand,  Professor  Owen  means  that  the  *'  ideal 
typical  vertebra"  is  a  crystalline  form  in  antagonism  with  '^  the 
idea  or  organizing  principle ;"  then  we  might  fairly  expect  to  find 
it  most  clearly  displaying  its  crystalline  character,  and  its  full  com- 
plement of  parts,  in  those  places  where  the  organizing  principle 
maybe  presumed  to  have  *' subdued"  it  to  the  smallest  extent. 
Yet  in  the  Vcrtchrata  generally,  and  even  in  Professor  Owen's 
Ardutypus,  the  vertebnc  of  the  tail,  which  must  be  considered  as, 
Lf  anything,  less  under  the  influence  of  the  organizing  principle 
than  those  of  the  trunk,  do  not  manifest  the  ideal  form  more  com- 
pletely. On  the  contrary,  as  we  approach  the  cud  oi  the  tail,  the 
successive  segments  not  only  lose  their  remaining  tjrpical  elements, 
but  become  as  uncrystalline-looking  as  can  be  conceived. 

Supposing,  however,  that  the  assumption  of  suppressed  or  unde- 
veloped elements  be  granted— supposing  it  to  be  consistent  with 
the  hypothesis  of  an  "  ideal  typical  vertebra,"  that  the  constituent 
parts  may  severally  be  absent  in  greater  or  less  number,  sometimes 
leaving  only  a  single  bone  to  represent  them  all ;  may  it  not  be  that 
such  parts  as  are  present,  show  their  respective  typical  natures  by 
some  constant  character :  sav  their  mode  of  ossification  ? 

To  this  question  some  parts  of  the  Archetype  and  Uomoiogits  seem 
to  reply,  **  Yes ;"  while  others  clearly  answer,  "  No."  Criticising 
the  opinions  of  Oeoffroy  St.  Hilaire  and  Cuvier,  who  agreed  in 
thinking  that  ossification  from  a  separate  centre  was  the  test  of  a 
separate  bone,  and  that  thus  there  were  as  many  elementary  bones 
in  the  skeleton  as  there  were  centres  of  ossification.  Professor  Owen 
points  out  that,  according  to  this  test,  the  human  femur,  which  is 
ossified  from  four  centres,  must  be  regarded  as  four  bones ;  while 
the  femur  in  birds  and  reptiles,  which  is  ossified  from  a  single 
centre,  must  be  regarded  as  a  single  bone.  Yet,  on  the  other  hand, 
he  attaches  weight  to  the  fact  that  the  skull  of  the  human  fcetus 
presents  '^  the  same  ossific  centres  "  as  do  those  of  the  embryo  kan- 
garoo and  the  young  bird.  {Nature  of  LimhSj  p.  40.)  And  at  p. 
104  of  the  Homologies,  after  giving  a  number  of  instances,  he  says — 

'  ThflM  and  the  lika  correspondencos  between  the  points  of  otiification  ot 
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the  human  fatal  alcdeton,  and  the  separate  bones  of  the  adult  skeletons  ol 
inferior  animals,  are  pregnant  with  interest,  and  rank  among  the  most  striking 
illnstrations  of  unity  of  plan  in  the  yertebrate  organization. 

It  is  true  that  on  the  following  page  he  seeks  to  explain  this 
seeming  contradiction  hj  distingnishing 

"between  those  centres  of  ossification  that  have  homological  relations,  and 
those  that  have  teloological  ones — ie.,  between  the  separata  points  of  ossdlica- 
tion  of  a  hnman  bone  which  typify  vertebral  elements,  often  permanently  dis- 
tinct bones  in  the  lower  animals  ;"and  the  separate  points  which,  withoat  sneh 
signification,  facilitate  the  progress  of  osteogeny,  and  hare  for  their  obrions 
final  cause  the  well-being  of  the  growing  animal'' 

But  if  there  are  thus  centres  of  ossification  which  hare  homo- 
logical  meanings,  and  others  which  hare  not,  there  arises  the  qiies« 
tion — How  are  they  always  to  be  distinguished  t  Evidently  in- 
dependent ossification  ceases  to  be  a  homological  test,  if  there  are 
independent  ossifications  that  have  nothing  to  do  with  the  homo- 
logics.  And  this  becomes  the  more  evident  when  we  learn  that 
there  are  cases  where  neither  a  homological  nor  a  t^lcological 
meaning  can  be  given.  Among  various  modes  of  ossification  of  the 
centrum,  Professor  Owen  points  out  that  "  the  body  of  the  human 
atlas  is  sometimes  ossified  from  two,  rarelv  from  three,  distinct 
centres  placed  side  by  side  '  (p.  6U) ;  while  at  p.  67  he  says : — '-In 
osseous  fishes  I  find  that  the  centrum  is  usually  ossified  from  six 
points.**  It  is  clear  that  this  mode  of  ossification  lias  here  no  homo- 
logical  signification ;  and  it  would  be  difficult  to  give  any  teleo- 
logical  reason  why  the  small  centrum  of  a  fish  shooid  have  more 
centres  of  ossification  than  the  large  centrum  of  a  mammal  The 
truth  is,  that  as  a  criterion  of  the  identity  or  individuality  of  a  bone, 
mode  of  ossification  is  quite  untrustworthy.  Though,  in  his  'Mdeai 
typical  vertebra,"  Professor  Owen  delineates  and  ckssifies  as  sepa- 
rate '^  autogenous "  elements,  those  parts  which  are  ''  usoully 
developed  from  distinct  and  independent  centres  "  and  though  by 
doing  so  he  erects  this  characteristic  into  some  sort  of  criterion ; 
yet  his  own  facts  show  it  to  be  no  criterion.  The  parapophysos 
are  classed  among  the  autogenous  elements ;  yet  they  are  auto- 
genous in  fishes  alone,  and  in  these  only  in  the  trunk  vertebre, 
while  in  all  air-breathing  vertebrates  they  are,  when  present  at  all, 
exogenous.  The  nenrapophyses,  again,  '<  lose  their  primitive  in- 
dividuality by  various  kinds  and  decrees  of  confluence:"  in  the 
tails  of  the  higher  Vertebrata  they,  in  common  with  the  neural 
spine,  become  exogenous.  Nay,  even  the  centrum  may  lose  its 
autogenous  character.  Describing  how,  in  some  batrachians, 
*'  the  ossification  of  the  centrum  is  completed  by  an  extension  of 
bone  from  the  bases  of  the  nenrapophyses,  which  effects  abo  the 
coalescence  of  these  with  the  centrum,"  Professor  Owen  adds  :^ 
"  In  Pelobates  fuscus  and  Pelohates  cultripes^  Miiller  found  the  en- 


I 


527 

tire  centrnm  ossified  from  this  soarce,  withoat  any  independent 
points  of  ossification  **  (p.  88).  That  is  to  say,  the  centrnm  is  in 
these  coses  on  exogenous  process  of  the  nenrapophyses.  We  see, 
then,  that  these  so-called  typical  elements  of  vertebnc  hare  no 
constant  developmental  character  by  which  they  con  be  identified. 
Not  only  are  they  nndistingaishable  by  any  specific  test  from  other 
bones  not  included  as  Tcrtebral  elements ;  not  only  do  they  fail  to 
show  their  typical  characters  by  their  constant  presence;  bat, 
when  present,  they  exhibit  no  persistent  marks  of  indi?idnality. 
The  central  element  may  be  ossified  from  six,  foar,  three,  or  two 
points ;  or  it  may  have  no  separate  point  of  ossification  at  all : 
and  similarly  with  varioas  of  the  peripheral  elements.  The  whole 
<^roup  of  bones  forming  the  •'  ideal  typical  vertebra *'  may  severally 
have  their  one  or  more  o^^ific  centres  ;  or  they  may,  as  in  a  mam- 
mal's tail.  lose  their  iodividaalitics  in  a  single  bone  ossified  from 
one  or  two  points. 

Another  fact  which  seems  vcrv  difficult  to  reconcile  with  the 
hypothesis  of  an  ••  ideal  typical  vertebra,"  is  the  not  infrequent 
pre?'»nco  of  so^^e  of  the  typical  elements  in  <lunlicate.  Not  onlv, 
us  we  have  seen,  may  they  severally  be  absent ;  but  they  may  seve- 
rally be  present  in  greater  number  than  they  should  be.  When  we 
see,  in  the  ideal  diagram,  one  centrmn,  two  nenrapophyses,  two 
pleurapophyses,  two  hsemapophyses,  one  neiu*al  spine,  and  one 
hasmol  spine,  we  naturally  expect  to  find  them  always  bearing  to 
each  other  these  numerical  relations.  Though  we  may  not  be 
greatly  surprised  by  the  absence  of  some  of  them,  we  are  hardly 
prepared  to  find  others  mnltiplied.  Tet  sach  cases  ore  common. 
Thus  the  neural  spine  "  is  double  in  the  anterior  rertebrte  of  some 
fishes  "  (p.  98>.  Again,  in  the  abdominal  region  of  extinct  saurians, 
and  in  crocodiles,  '*  the  freely-suspended  hsmapophyses  are  com- 
pounded of  two  or  more  overlappinsr  bony  pieces  *'  fp.  100).  Yet 
again,  at  p.  99,  we  read — *'  f  have  observed  some  of  the  expanded 
plenrapophyses  in  the  great  Testudo  elephantopua  ossified  from  two 
centres,  and  the  resulting  divisions  continuing  distinct,  but  united 
by  sntnre."  Once  more  ^^  the  nenrapophyses,  which  do  not  advance 
beyond  the  cartihiginous  stage  in  the  sturgeon,  consist  in  that  fish 
of  two  distinct  pieces  of  cartilage ;  and  the  anterior  plenrapophyses 
also  consist  of  two  or  more  cartilages,  set  end  on  end"  (p.  91).. 
And  elsewhere  referring  to  this  structure,  he  says : — 

"  Vegetative  repetition  of  perivertebral  parts  not  only  manifests  itself  in 
the  composite  nenrapophyses  and  plenrapophyses,  bnt  in  a  small  acoessoiy 
(intemenral)  cartilage,  at  the  fore  and  back  part  of  the  base  of  the  nenra- 
pophysis  ;  and  by  a  similar  (interluemal)  one  at  the  fore  and  back  part  of 
most  of  the  parapophyscs  "  (p.  87). 

Thus  the  neural  and  haemal  spmes,  the  nenrapophyses,  the  plea* 
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rapophjses,  the  hscmapophyses,  may  sercrallj  consist  of  two  or  more 
pieces.    This  is  not  all :  the  like  is  trae  even  of  the  ccntrnms. 

*'  In  Heptanchwi  {StjualM  dnereitg)  the  rertebral  centres  are  feebly  and 
vegetatively  marked  out  by  numerous  slender  rings  of  hard  eartilago  in  the 
notochordai  capsule,  the  number  of  vertebra  being  more  definitely  indicated 
by  the  nenrapopbyses  and  narapopbyses.  ...  In  the  piked  dog-fish 
{Acantliida)  and  the  spotted  dog-tish  {Scylliam)  the  vertebral  centres  coin- 
cide in  number  with  the  nenral  artdies  **  (p.  87). 

Is  it  not  strange  that  the  pattern  vertebra  should  be  so  little  ad- 
hered to,  that  each  of  its  smgle  typical  pieces  may  be  transformed 
into  two  or  three  T 

But  there  are  still  more  startling  departures  from  the  alleged 
type.  The  numerical  relations  of  the  elements  vary  not  only  in 
this  way,  but  in  the  opposite  way.  A  given  port  may  be  present 
not  only  in  greater  number  than  it  should  be,  but  also  m  less.  In 
the  tails  of  homocercal  fishes,  the  centrums  *^  are  rendered  by  cen- 
tripetal shortening  and  bony  confluence  fewer  in  number  than  the 
per:>istent.  neural,  and  hsemai  arches  of  that  part " — that  is,  there 
is  only  a  fraction  of  a  centrum  to  each  vertebra.  Nay,  even  this 
is  not  the  most  heteroclite  structure.  Paradoxical  as  it  may  seem, 
there  are  Ciiscs  iu  whicii  the  same  vertebral  i;iemeut  is,  considered 
under  different  aspects,  at  once  in  excess  and  defect.  Speaking  of 
the  hsemal  spine,  Professor  Owen  says : — 

"  The  horizontal  extension  of  this  vertebral  element  it  sometimes  accom- 
panied by  a  median  division,  or  in  other  words*  it  is  ossified  £rpm  two 
lateral  centres ;  this  is  seen  in  the  development  of  parts  of  the  human 
sternum  ;  the  same  vegetative  character  is  constant  in  the  broader  thoracic 
hiemal  spines  of  birds ;  though,  sometimes,  bm  e,g,,  in  the  stmthionidie, 
ouificaUon  extends  from  the  Mime  lateral  centre  Ungtkimse — i,e,,  forwarda  ami 
bachoardef  calcifying  the  connate  cartilaginous  homologues  of  halves  cf  fow 
or  five  hotmal  spinas,  before  these  finally  coalesce  wUh  their  fellovts  ai  the 
median  line  "  (p.  101). 

So  that  the  sternum  of  the  ostrich,  which  according  to  the  hypo- 
thesis, should,  in  its  cartilaginous  stage,  have  consisted  of  four  or 
five  transverse  pieces,  answering  to  the  vertebral  segments,  and 
should  have  been  ossified  from  four  or  five  centres,  one  to  each 
cartilaginous  piece,  shows  not  a  trace  of  this  structure;  but  in- 
stead, consists  of  two  longitudinal  pieces  of  cartilage,  each  ossified 
from  one  centre,  and  finally  coalescing  on  the  median  line.  These 
.four  or  five  haemal  spines  have  at  the  same  time  doubled  their  in- 
dividualities  transversely,  and  entirely  lost  them  longitudmally ! 

There  still  remains  to  be  considered  the  test  of  relative  position. 
It  might  be  held  that,  spite  of  all  the  foregoing  anomalies,  if  the 
typical  parts  of  the  vertebrie  always  stood  towards  each  other  in 
the  same  relations — always  preserved  the  same  connexions,  some- 
thing like  a  case  would  be  made  out.    Doubtle:?^,  relative  position 
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is  an  important  point ;  and  it  is  one  on  which  Professor  Owen  mann 
fc5tl7  places  great  dependence.  In  his  discussion  of  **moot  cases 
of  special  homologj,**  it  is  the  general  test  to  which  he  appeals. 
The  typical  natures  of  the  alisphenoid,  the  mastoid,  the  orbito* 
sphenoid,  the  prefrontal,  the  malar,  the  squamosal,  &c.,  he  deter- 
mines almost  wholly  by  reference  to  the  adjacent  nerre-perforations 
and  the  articulations  with  neighbouring  bones  (see  pp.  19  to  72) : 
the  general  form  of  the  argument  being — ^This  bone  is  to  be  classed 
as  such  or  such,  because  it  is  connected  thus  and  thus  with  these 
others,  which  are  so  and  so.  Moreorcr,  by  putting  forth  an  '*  ideal 
typical  rertebra,'*  consisting  of  a  number  of  elements  standing 
towards  each  other  in  certain  definite  arrangement  this  pcreistenoy 
of  relative  position  is  manifestly  alleged.  The  essential  attribute 
of  this  group  of  bones,  considered  as  a  typical  group,  is  the  con- 
stancy in  the  connexions  of  its  parts :  change  the  connexions,  and 
the  type  is  changed.  But  the  confitancy  of  rclatire  position  thus 
tacitly  asserted,  and  appealed  to  as  a  conclusive  test  in  "  mout 
cases  of  special  liomolugy,"  is  clearly  neiratirod  by  Proto.<sor 
Owen*s  own  facts.  For  instance,  in  the  "  ideal  typical  vertebra, " 
the  h'.cmal  arrh  is  ropre^entorl  as  formed  by  tfio  two  hjcmnpophyses 
and  the  bxmal  spine ;  but  at  p.  01  we  are  told  that 

**  The  contracted  hsemal  arch  in  tho  caudal  region  of  the  body  may  be 
formed  by  different  elements  ot  the  typical  vertebra  :  e.g.,  by  the  para- 
pophysea  (fishes  generally) ;  by  the  pleurapophysea  (lopidosiren) ;  by  both 
parapophyses  and  plearapophyses  {Suilis^  LepiiasUus),  and  by  bieuiapo- 
physesy  shortened  and  directly  articulated  with  the  centrums  (reptiles  and 
mammals)." 

And  further,  in  the  thorax  of  reptiles,  birds,  and  mammals,  ^*  the 
haemapophyses  are  removed  from  the  centrum,  and  are  articulated  to 
the  distal  ends  of  the  pleurapophyses ;  the  bony  hoop  being  com- 
pleted by  the  intercalation  of  the  hajmal  spine"  (p.  S'}).  ^o  that 
there  are  jive  different  ways  in  which  the  hounai  arch  may  bo  formed 
— four  modes  of  attachment  of  the  parts  different  from  that  shown 
in  the  typical  diagram !  Nor  is  this  all.  The  pleurapophyses  ^^  may 
be  quite  detached  from  their  proper  segment,  and  suspended  to  tho 
hasmal  arch  of  another  vertebra;"  as  we  have  already  seen,  the 
entire  haemal  arch  may  be  detached  and  removed  to  a  distance, 
sometimes  reaching  the  length  of  twenty-seven  vertebne ;  and,  even 
more  remarkable,  the  ventral  fins  of  some  fishes,  which  theoretically 
belong  to  the  pelvic  arch,  are  so  much  advanced  forward  as  -  to  be 
articulated  to  the  scapular  arch — 'Hhe  ischium  elongating  to  join 
the  corncoid."  With  these  admissions  it  seems  to  us  that  relative 
position  and  connexions  cannot  be  appealed  to  as  tests  of  homology, 
nor  as  evidence  of  any  origmal  type  of  vertebra. 

In  no  class  of  facts,  then,  do  we  find  a  good  foundation  for  the 
hypothesis  of  an  '^  ideal  typical  vertebra."    There  is  no  one  con- 
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ecivable  attribute  of  this  archetjpal  form  which  is  habituallj  realisctT 
by  actaal  yertebrse. '  The  alleged  groap  of  trae  vertebral  elements 
is  not  distinguished  in  any  specified  way  from  bones  not  included  in 
it.  Its  members  have  various  degrees  of  inconstancy ;  are  rarely 
all  present  together ;  and  no  one  of  them  is  essential.  They  are 
severally  developed  in  no  uniform  way :  each  of  them  may  arise 
either  out  of  a  separate  piece  of  cartilage,  or  out  of  a  pie^  con- 
tinuous with  that  of  some  other  element ;  and  each  may  be  ossified 
from  many  independent  points,  from  one,  or  from  none.  Not  only 
may  their  respective  individualities  be  lost  by  absence,  or  by  con- 
fluence with  others ;  but  they  may  be  doubled,  or  tripled,  or  halved, 
or  may  be  multiplied  in  one  direction  and  lost  in  another.  The  en- 
tire group  of  typical  elements  may  coalesce  into  one  simple  bone 
representing  the  whole  vertebra  ;  and  even,  as  in  the  tenninal  piece 
of  a  bird's  tail,  half-a-dozen  vertebne,  with  all  their  many  elements, 
may  become  entirely  lost  in  a  sing^le  mass.  Lastly,  the  respective 
elements,  when  present,  have  no  fixity  of  relative  position :  sundry 
of  them  are  fonnd  articulated  to  various  others  than  those  witli 
which  they  arc  typically  connected ;  they  are  frequently  displaced 
and  attached  to  neic^hbouring  vertebrae  ;  and  they  are  even  removed 
to  quite  remote  parts  of  the  skeleton.  It  seems  to  ns  that  if  thi^i 
want  of  congruity  with  the  iacxs  docs  not  disprove  the  hypothesis, 
no  such  hypothesis  admits  of  disproof. 

Unsatisfactory  as  is  the  evidence  in  the  case  of  the  trunk  and 
toil  vertebne,  to  which  we  have  hitherto  confined  ourselves,  it  is  far 
worse  in  the  case  of  the  alleged  cranial  vertebne.  The  mere  fact 
that  those  who  have  contended  for  the  vertebrate  structure  of  the 
skull,  have  differed  so  astonishingly  in  their  special  interpretations 
of  it,  is  enough  to  warrant  great  doubt  as  to  the  general  truth  of 
their  theory.  From  Professor  Owen's  history  of  the  doctrine  of 
p^eneral  homology,  we  gather  that  Dnmeril  wrote  upon  "  la  tcto 
consideree  comme  tine  vertebre ;"  that  Kiclmeyer.  *'  instead  ot 
calling  the  skull  a  vertebra,  said  each  vertebra  might  be  called  a 
skull;"  that  Oken  recognized  in  the  skull  Uwee  vertebra  and  a 
rudiment ;  that  Professor  Owen  himself  makes  out  four  vertebras ; 
that  Qoethe's  idea,  adopted  and  developed  by  Carus,  was,  that  the 
skull  is  composed  of  six  vertebra ;  and  that  Oeoffroy  St  Hilaire 
divided  it  into  seven.  Does  not  the  fact  that  different  comparative 
anatomists  have  arranged  the  same  group  of  bones  into  one^  three, 
four,  six,  and  seven  vertebral  segments,  show  that  the  mode  of  de- 
termination is  arbitrary,  and  the  conclusions  arrived  at  fanciful  f 
May  we  not  properly  entertain  great  doubts  as  to  any  one  scheme 
being  more  valid  than  the  others  ?  And  if  out  of  these  conflicting 
schemes  we  are  asked  to  accept  one,  ought  we  not  to  accept  it  only 
on  the  production  of    some  thoronghly  conclusive  proof — some 
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r^roiis  test  showing  irrefragabl j  that  the  others  mnst  be  wrong 
and  this  alone  right  t  Evidentlj  where  snch  contradictorj  opinions 
hare  been  formed  by  so  many  competent  judges,  we  ought,  before 
dcdding  in  favour  of  one  of  them,  to  have  a  clearness  of  demon- 
stration much  exceeding  that  required  in  any  ordinary  case.  Let 
us  see  whether  Professor  Owen  supplies  us  with  any  such  clearness 
of  demonstration. 

To  bring  the  first  or  occipital  segment  of  the  skull  into  corre- 
spondence with  the  '^  ideal  typical  rertebra,"  Professor  Owen  argues, 
in  the  case  of  the  fish,  that  the  parapophyses  are  displaced^  and 
wedged  between  the  neurapophyses  and  the  neural  spine — removed 
from  the  hiemal  arch  and  built  into  the  upper  part  of  the  neural 
ai'ch.  Further,  he  considers  that  the  pleurapophyses  are  teleologi- 
callif  compound.  And  then,  in  all  the  higher  vertebrata,  he  alleires 
that  the  hcmal  arch  is  separated  from  its  centrum,  taken  to  a  dis- 
tance, and  transformed  into  the  scapular  arch.  Add  to  whiciu  he 
says  that  in  mammals  the  displaced  parapophyses  are  mere  proces:>ei 
01  the  neurapophyses  (p.  15o):  these  vertebral  element-^,  typiijully 
beionirint?  to  the  lower  part  of  the  centrum,  and  in  ncuriy  uli  etudes 
oondueiic  with  it,  are  not  only  removed  to  the  for  ends  ot  elements 
placed  above  the  centrum,  bat  have  become  exoi^enous  parts  of  them  I 

Coujoriuity  of  the  :<eound  or  parietal  segment  of  the  cranium  wiiii 
the  pattern-vertebra,  is  produced  thus : — The  petrosals  are  exctmbd 
as  being  partially-ossified  sense-capsules,  not  forming  parts  of  the 
true  yertebral  system,  but  belonging  to  the  ''  splanchno-skeleton." 
A  centrum  is  artificialhf  obtained  by  sawing  in  two  the  bone  which 
serves  in  common  as  centrum  to  this  and  the  preceding  segment ;  and 
this  though  it  is  admitted  that  in  fishes,  where  their  individualities 
ought  to  be  best  seen,  these  two  hypothetical  centrums  are  not 
simply  coalescent,  but  connate.  Next,  a  similar  arbitrary  bisection 
is  made  of  certain  elements  of  the  hoemal  arches.  And  then,  ^'  the 
principle  of  vegetative  repetition  is  still  more  manifest  in  this  arch 
than  in  the  occipital  one  :**  each  plenrapophysis  is  double ;  each 
hffiiuapophysis  is  double ;  and  the  hismal  spine  consists  of  six  pieces  1 

The  interpretation  of  the  third  and  fourth  segments  being  of  the 
same  general  character,  need  not  be  detailed.  The  only  point 
calling  for  remark  being,  that  in  addition  to  the  above  Tarious 
modes  of  getting  over  anomalies,  we  find  certain  bones  referred  to 
the  dermo^eieton. 

Now  it  seems  to  us,  that  even  supposing  no  antagonist  interpre- 
tations had  been  given,  an  hypothesis  reconcilable  with  the  facts 
only  by  the  aid  of  so  many  questionable  devices,  could  not  be  con- 
sidered satisfactory ;  and  that  when,  as  in  this  case,  various  com- 
parative anatomists  have  contended  for  other  interpretations,  the 
character  of  this  one  is  certainly  not  of  a  kind  to-warrant  the  re- 
jection of  the  others  in  its  favour ;  but  rather  of  a  kind  to  make 
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OS  doubt  the  possibility  of  all  snch  interpretations.  The  qnestion 
which  natarally  arises  is,  whether  bj  proceeding  after  this  fashion, 
groups  of  bones  might  not  be  arranged  into  endless  typical  fonns. 
If,  when  a  giyen  element  was  not  in  its  place,  we  were  at  liberty  to 
consider  it  as  suppressed^  or  connate  with  some  neighbouring  element, 
or  removed  to  some  more  or  less  distant  position ; — if,  on  finding  a 
bone  in  excess,  we  might  consider  it,  now  as  part  of  the  dermo^ 
skeleton,  now  as  part  of  the  splanchno^skeleton,  now  as  transplanted 
from  its  typical  position,  now  as  resulting  from  vegetative  repetition^ 
and  now  as  a  bono  teleologically  compound  (for  these  last  two  are 
intrinsically  different,  though  often  used  by  Professor  Owen  as 
cquiyalents) ; — if,  in  other  cases,  a  bone  might  bo  regarded  as 
spurious  (p.  91),  or  again  as  having  usurped  the  place  of  another ; — 
if.  we  say,  these  various  liberties  were  allowed  us,  we  should  not 
despair  of  reconciling  the  facts  with  various  diagrammatic  types 
besides  that  adopted  by  Professor  Owen. 

When,  in  IS/il,  we  attended  a  coarse  of  Professor  Owons  lectures 
on  Comparative  Osteology,  beginning  tliougli  wo  did  in  the  nttitndc 
of  discipleship,  our  scepticism  grew  as  we  listoncd,  and  reached  its 
t^imax  when  we  came  to  the  skull ;  the  reduction  of  which  to  the 
vertebrate  structure,  reminded  us  very  much  oi  tlio  interpretation 
of  prophecy.  The  delivery,  at  the  Royal  Society,  of  the  Croonian 
Lecture  for  1858,  in  which  Professor  Huxley,  continuing  the  state- 
ments of  seyerol  German  anatomists,  has  shown  that  the  facts  of 
embryology  do  not  countenance  Professor  Owen's  views  respecting 
the  formation  of  the  cranium,  has  induced  us  to  reconsider  the  verte- 
bral theory  as  a  whole.  Closer  examination  of  Professor  Owen's 
doctrines,  as  set  forth  in  his  works,  has  certamly  not  removed  the 
scepticism  generated  years  ago  by  his  lectures.  On  the  contrary, 
that  scepticism  has  deepened  into  disbelief.  And  we  venture  to  think 
that  the  evidence  above  cited  shows  this  disbelief  to  be  warranted. 

There  remains  the  question — What  general  views  ore  we  to  take 
respecting  the  vertebrate  structure  f  If  the  hypothesis  of  an  *'  ideal 
typical  vertebra"  is  not  justified  by  the  facts,  how  are  we  to  under* 
stand  that  d^ree  of  similarity  whidi  vertebrse  dsplay  T 

We  believe  the  explanation  is  not  far  to  seek.  AU  that  our  spoco 
will  here  allow.  Is  a  brief  indication  of  what  seems  to  us  the  natural 
view  of  the  matter. 

Professor  Owen,  in  common  with  other  comparative  anatomists, 
regards  the  divergences  of  individual  vertebra  from  the  average 
form,  as  due  to  adaptive  modifications.  If  here  one  vertebral  ele- 
ment is  largely  developed,  while  elsewhere  it  is  small — if  now  the 
form,  now  the  position,  now  the  degree  of  coalescence,  of  a  given 
part  varies;  it  is  that  the  local  requirements  have  involved  this 
change.    The  entire  teaching  of  comparative  osteology  implies  that 
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differences  in  the  conditions  of  the  respective  rcrtcbrs  necessitate 
dilTercnces  in  their  strnctores. 

Novr,  it  seems  to  ns  that  the  first  step  towards  a  right  conception 
of  the  phenomena,  is  to  recognize  tins  general  law  in  its  converse 
application.  If  vertebns  ore  unlike  in  proportion  to  the  nnlikeness 
of  their  circnmstances,  then,  by  implication,  they  will  be  like  in  pro- 
portion to  the  likeness  of  their  circnmstances.  Wliile  successive 
segments  of  the  same  skeleton,  and  of  different  skeletons,  are  all  in 
some  respects  more  or  less  differently  acted  on  by  incident  forces, 
and  are  therefore  required  to  be  more  or  less  different;  they  are 
all,  in  other  respects,  similarly  acted  on  by  incident  forces,  and  are 
therefore  required  to  be  more  or  less  similar.  It  is  impossible  to 
denv  that  if  differences  in  the  mechanical  functions  of  the  vertebra} 
involve  differences  in  their  forms ;  then,  communitv  in  their  mechani- 
cal  functions,  must  involve  community  in  their  forms.  And  as  we 
know  that  throuirhout  the  Vertebrnfa  generally,  and  in  each  vertebrate 
imimal,  the  vertebrjv,  amiti  all  their  varyinc^  eircumsstances,  have  ;i 
certain  community  of  function,  it  loUows  necessarily  tiiat  they  will 
have  a  certain  !xeneral  resemblance — there  will  recur  that  averaire 
shano  which  has  suggested  the  notion  of  a  pattern  vertebra, 

A  ujiance  at  the  facts  at  once  tfho>vs  their  iiarmonv  with  rliis 
conclusion.  In  an  eel  or  a  snake,  where  the  bodily  actions  are  such 
OS  to  mvolve  great  homogeneity  in  the  mechanical  conditions  of  tho 
vertebra;,  the  series  of  them  is  comparatively  homogeneous.  On  the 
contrary,  in  a  mammal  or  a  bird,  where  there  is  considerable  hetero- 
geneity in  their  circtuustances,  their  similarity  is  no  longer  so  great. 
And  if,  instead  of  comparing  the  vertebral  colnmns  of  different 
animals,  we  compare  the  successive  vertebrse  of  any  one  animal,  we 
recognize  the  same  law.  In  the  segments  of  an  individual  spine, 
where  is  there  the  greatest  divergence  from  the  conmion  mechanical 
conditions  ?  and  where  may  we  therefore  expect  to  find  the  widest 
departure  from  the  averaire  form  ?  Obviously  at  the  two  extremities. 
And  accordingly  it  is  at  the  two  extremities  that  the  ordinary  struc- 
ture is  lost 

Still  clearer  becomes  the  truth  of  this  view,  when  we  consider  the 
genesis  of  the  vertebral  colunm  as  dispkiyed  throughout  the  ascend- 
ing grades  of  the  Vertebratcu  In  its  first  embryonic  stage,  the  spine 
is  an  undivided  column  of  flexible  substance.  In  the  early  fishes, 
while  some  of  the  peripheral  elements  of  the  Tertebrse  were  marked 
out,  the  central  axis  was  still  a  continuous  unossified  cord.  And 
thus  we  have  good  reason  for  thinking  that  in  the  primitive  verte- 
brate animal,  as  in  the  existing  Amphioxua^  the  notochord  was  per- 
sistent. The  production  of  a  higher,  more  powerful,  more  active 
creature  of  the  some  type,  by  whatever  method  it  is  conceived  to 
have  taken  place,  involved  a  change  in  the  notochordal  structure. 
Greater  muscular  endowments  pre^'upijosed  a  firmer  internal  fulcrum 
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— ^a  less  jieldiog  central  axis.  On  the  otiier  hand,  for  the  centrsl 
axis  to  have  become  firmer  while  remaining  continuous,  woold  ha^-o 
entailed  a  stiffness  incompatible  with  the  creature's  moTements. 
Hence,  increasing  density  of  the  central  axis  necessarily  went  hand 
in  hand  with  its  segmentation:  for  strength,  ossification  was  re- 
quired ;  for  flexibility,  division  into  parts.  The  production  of  yer- 
tebros  resulting  thus,  there  obrionsly  would  arise  among  them  a 
general  likeness,  due  to  the  similarity  in  their  mechanical  conditions, 
and  more  especially  the  muscular  forces  bearing  on  them.  And  then 
observe,  lastly,  that  where,  as  in  the  head,  the  terminal  position  and 
the  less  space  for  development  of  muscles,  entailed  smtaller  lateral 
bendings,  the  segmentation  would  naturally  be  less  decided,  less 
regular,  and  would  be  lost  as  we  approached  the  front  of  the 
liead. 

But,  it  may  be  replied,  this  hypothesis  does  not  explain  all  the 
facts.  It  does  not  tell  us  why  a  bone  whose  function  in  a  given 
animal  requires  it  to  l)e  solid,  is  fonned  not  of  a  single  piece,  but  by 
the  ooulescence  of  several  pieces,  wiiich  in  other  crejiturcs  are  t^epa- 
ratc  ;  it  docs  not  ac(.'ount  for  the  frequent  manife^ftations  of  miity  of 
plan  in  deliance  of  tcleoiogicnl  requirements.  This  is  quite  ti-uo. 
i>iit  it  is  not  true,  ns  Professor  Owpn  jinr"r»s  rewnf^-titiir  ^wh  rnso*--. 
that  "  if  the  principle  of  special  adaptation  fails  to  explain  them,  and 
we  reject  the  idea  that  these  correspondences  are  manifestations  of 
some  archetypal  exemplar,  on  which  it  has  pleased  the  Creator  to 
frame  certain  of  his  living  creatures,  there  remains  only  the  altema^ 
tive  that  the  organic  atoms  have  concurred  fortuitously  to  produce  such 
harmony."  This  is  not  the  only  alternative :  there  is  another,  which 
Professor  Owen  has  overlooked.  It  is  a  perfectly  tenable  supposi- 
tion that  all  higher  vertebrate  forms  have  arisen  by  the  superposing  of 
adaptations  upon  adaptations.  Either  of  the  two  antagonist  cosmo- 
gonies consists  with  this  supposition.  If,  on  the  one  hand,  we  con- 
ceive species  to  have  resulted  from  acts  of  special  creation ;  then  it 
is  quite  a  fair  assumption  that  to  produce  a  higher  vertebrate  animal 
the  Creator  did  not  begin  afresh,  but  took  a  lower  vertebrate  animal, 
and  so  far  modified  its  pre-existing  parts  as  to  fit  them  for  the  new 
requirements ;  in  which  case  the  original  structure  would  show  itself 
through  the  superposed  modifications.  If,  on  the  other  hand, 
we  conceive  species  to  have  resulted  by  gradual  differentiations 
under  the  influence  of  changed  conations;  then,  it  would  mani- 
festly follow  that  the  higher,  heterogeneous  forms,  would  bear 
traces  of  the  lower  and  more  homogeneous  forms  from  which  they 
were  evolved. 

Thus,  besides  finding  that  the  hypothesis  of  an  *^  ideal  typical 
vertebra"  is  irreconcilable  with  the  facts,  we  find  that  the  facts  are 
interpretable  without  gratuitous  assumptions.  The  average  com- 
munity of  form  which  vertebrs  dbplay,  is  explicable  as  resulting 
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from  natond  causes.  And  those  tjpical  similarities  which  arc  trace* 
abli)  under  adaptive  modifications,  most  obyiouslj  exist  if,  through- 
oat  creation  in  general,  there  has  gone  on  that  continuous  super- 
posing of  modifications  upon  modifications  which  goes  on  in  ererj 
unfolding  organisnu 


[I  might  with  propriety  hare  added  to  the  foregoing  criticisms, 
the  remark  that  Professor  Owen  has  indirectly  conferred  a  great 
I>cnefit  by  the  elaborate  iurestigntions  he  has  made  with  the  view  of 
establishing  his  hypothesis.  He  has  himself  very  conclusively  proved 
that  the  teleologicai  iiiierprctation  is  (luitc  iri*econcilable  with  the 
facts.  In  trsthering  tosrether  evidence  in  support  of  his  own  con- 
<.'eptioa  of  archetypal  formis.  be  has  uisciosed  adverse  evideuce  whicli 
I  think  shows  his  conception  to  be  unceuuble.  The  result  is  that 
the  field  is  left  clear  for  the  hypothesis  of  Evolution  iis  the  only 
tenable  one] 
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Head  March  l8t»  1866. 

OriNioxs  respectincc  the  functions  of  the  rascniar  tissues  in  plants 
Lippear  to  make  but  little  proirress  towards  ai^reenient.  The  suppo- 
sition that  these  vessels  and  strinirs  of  partially-united  ceils,  lined 
witli  spiral,  annular,  reticuhited,  or  other  frameworks,  are  carriers 
•i  :hc  plant-juices,  is  objected  to  on  the  i^round  that  they  often 
«*ontain  air :  iis  the  presence  of  air  arrests  the  movement  of  blood 
through  arteries  and  veins,  its  presence  in  the  ducts  of  stems  and 
petioles  is  assumed  to  unfit  them  as  channels  for  sap.  On  the 
other  hand,  that  these  structures  have  a  respiratory  office,  as  some 
have  thought,  is  certainly  not  more  tenable,  since,  if  the  presence 
of  air  in  them  negatives  the  belief  that  their  function  is  to  dis- 
tribute liquid,  the  presence  of  liquid  in  them  equally  negatives  the 
belief  that  their  function  is  to  distribute  air.  Nor  can  any  better 
defence  be  made  for  the  hypothesis  \vhich  I  find  propounded,  that 
these  parts  serve  "  to  give  strength  to  the  parenchyma."  Tubes 
with  fenestrated  and  reticulated  internal  skeletons  have,  indeed, 
some  power  of  supportinc:  the  tissue  through  which  they  pass ;  but 
tubes  lined  with  spiral  threads  can  yield  extremely  little  support, 
while  tubes  lined  with  annuli,  or  spirals  alternating  with  annuli,  can 
yield  no  support  whatever.  Though  all  these  types  of  internal 
framework  are  more  or  less  efficient  for  preventing  closure  by 
lateral  pressure,  they  are  some  of  them  quite  useless  for  holding 
up  the  mass  through  which  the  vessels  pass ;  and  the  best  of  them 
are  for  this  purpose  mechanically  inferior  to  the  simple  cylinder. 
The  same  quantity  of  matter  made  into  a  continuous  tube  would  be 
more  effective  in  giving  stiffness  to  the  cellular  tissue  around  it 

In  the  absence  of  any  feasible  alternative,  the  hypothesis  that 
these  vessels  ore  distributors  of  sap  claims  reconsideration.  The 
objections  ore  not,  I  think,  so  serious  as  they  seem.    The  habitual 
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presence  of  air  in  the  ducts  that  traverse  wood,  con  scarcely  be 
held  anomalous  if  ^vhen  the  wood  is  formed  their  function  ceases. 
The  canals  which  ramify  through  a  Stag's  horn,  contain  air  after 
the  Slag's  horn  is  fully  developed ;  but  it  is  not  thereby  rendered 
doubtful  whether  it  is  the  function  of  arteries  to  convey  blood. 
Again,  that  air  should  frequently  be  found  even  in  the  vessels  of 
petioles  and  leaves,  will  not  appear  remarkable  when  we  call  to 
mind  the  conditions  to  which  a  leaf  is  subject     Evaporation  is 
going  on  from  it.    The  thinner  liquids  pass  by  osmose  out  of  the 
vessels  into  the  tissues  containmg  the  liquids  thickened  by  evapora- 
tion.    And  OS  the  vessels  ore  thus  continually  drained,  a  draught  is 
made  upon  the  liquid  contained  in  the  stem  and  roots.    Suppose 
that  this  draught  is  unusually  great,  or  suppose  that  around  the 
roots   there  exists  uo  adequate  supply  of  moisture.     A  state  of 
capillary  tension  must  result — a  teudeucy  of  the  liquid  to  pas>s  into 
the  leaves  resisted  below  by  liquid  cohusiou.     Now,  iiad  the  vesscb 
impermeable  coiits,  only  their  upper  oxtreiuities  would  under  Tlie;<c 
coutiitions  Ijo  >lu\viy  emptied,     liut  tlieir  coaics,  in  common  with  all 
tlie  surrouuiliuj^  ti.>sues.  are  peimeabie  l>y  air.     Hence,  unucr  tiiis 
stale  01  capillary  tension,  air  will  enter  ;  and  as  tlie  upper  emls  of 
:h.}  tuhos.  ]n:uvr  i)otli  .siiuilltT  In  iliametcr  .lud  Icii  poruiis  tluui  the 
lower,  will  retain  tiie  liquids  with  greater  tenacity,  the  air  wiil 
enter  the  wider  and  more  porous  tubes  below — the  ducts  of  the 
stem  and  -branches.     Thus  the  entrance  of  air  no  more  proves  that 
these  ducts  are  not  sap-carriers,  than  does  the  emptiness  of  tropical 
river-beds  in  the  dry  season  prove  that  they  are  not  channels  for 
water.    There  is,  however,  a  difficulty  which  seems  more  serious. 
It  is  said  that  air,  when  present  in  these  minute  canals,  must  be  a 
great  obstacle  to  the  movement  of  sap  through  them.    The  investi- 
gations of  Jamin  have  shown  that  bubbles  in  a  capilkry  tube  resist 
the  passage  of  liquid,  aud  that  their  resistance  becomes  very  great 
when  the  buLrbles  are  numerous — rcaciiiui^,  in  some  experiments,  as 
much  as  three  atmosnheres.     Nevertheless  the  inference  that  uuv 
such  resistance  is  ofered  by  the  air-bubbles  in  the  ressels  of  a 
plant,  is,  I  think,  an  erroneous  one.    What  happens  in  a  capillary 
tube  having  impervious  sides,  with  which  these  experiments  were 
made,  win  by  no  means  happen  in  a  capiUary  tnbe  hiftvmg  pervious 
sides.    Any  pressure  brought  to  bear  on  the  column  of  Uqaid  con- 
tained in  the  porous  duct  of  a  plant,  must  quickly  cause  the  expul- 
sion of  a  contamed  air-bubble  through  the  minute  openings  in  the 
coats  of  the  duct     The  greater  molecular  mobility  of  gases  than 
liquids,  implies  that  air  will  pass  out  far  more  readily  than  sap. 
Whilst,  therefore,  a  slight  tension  on  the  column  of  sap  will  canse 
it  to  part  and  the  air  to  enter,  a  slight  pressure  upon  it  will  force 
out  the  air  and  reunite  the  divided  parts  of  the  column. 

To  obtain  data  for  an  opinion  on  this  vexed  question,  I  have 
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lately  been  experimenting  on  the  absorption  of  dyes  by  plants.  So 
far  as  I  can  learn,  experiments  of  this  kind  bare  most,  if  not  all  of 
them,  been  made  on  stems,  and,  as  it  would  seem  from  the  results, 
on  stems  so  far  developed  as  to  contain  all  their  characteristic 
structures.  The  first  experiments  I  made  myself  were  on  such 
parts,  and  yielded  evidence  that  served  but  little  to  elucidate 
matters.  It  was  only  after  trying  like  experiments  with  leaves  of 
different  ages  and  different  characters,  and  with  undeveloped  axes, 
as  well  as  with  axes  of  special  kinds,  that  comprehensible  results 
were  reached ;  and  it  then  became  manifest  that  the  appearances 
presented  by  ordinary  stems  when  thus  tested,  are  in  a  great  degree 
misleading.    Let  me  briefly  indicate  the  differences. 

If  an  adult  shoot  of  a  tree  or  shrub  be  cut  off,  and  have  its  lower 
end  placed  in  an  alumed  decoction  of  logwood  or  a  dilute  sohition 
of  mairenta,*  the  dye  will,  in  the  course  of  a  few  hours,  ascend  to  a 
distance  varying  according  to  the  rate  of  evaporation  from  the 
leaves.     On  making  longitudinal  sections  of  the  part  traversed  by 
it,  the  dye  is  found  to  have  penetrated  extensive  tracts  of  the* 
woody  tijjsue ;  and  on  niakinc:  transverse  section*?,  the  openincrs  of 
the  ducts  appear  as  empty  spaces  in  the  midst  of  a  deeply-colonrc.} 
nrosenciima.     It  would  thus  seem  that  the  liquid  is  carried  up  th:? 
•icn^jcr  parts  of  the  vascuiai*  bundles;  neglecting  tlie  cambium  layer, 
neglecting  the  central  pith,  and  neglecting  the  spiral  vessels  of  th'* 
medullary  sheath.     Apparently  the  substance  of  the  wood  ha.^ 
afforded  the  readiest  channel.     When,  however,  we  examine  these 
appearances  critically,  we  find  reasons  for  doubting  this  conclusion. 
If  a  transverse  section  of  the  lower  part,  into  which  the  dye  passed 
first  and  has  remained  longest,  be  compared  with  a  transverse  sec- 
tion of  the  part  which  the  dye  has  but  just  reached,  a  marked 
difference  is  visible.    In  the  one  case  the  whole  of  the  dense  tissue 
is  stained  ;  in  the  other  case  it  is  not.     This  uneven  distribution  of 
stain  in  the  part  which  the  dye  has  incompletely  permeated  is  not 
at  random  ;  it  admits  of  definite  description.     A  tolerably  regular 
continuous  ring  of  colour  distinguishes  the  outer  part  of  the  wood 
from  the  inner  mass,  implying  a  passage  of  liquid  up  the  elongated 
cells  next  the  cambium  layer.   And  the  inner  moss  is  coloured  more 
round  the  mouths  of  the  pitted  ducts  than  elsewhere :  the  dense 
tissue  is  darkest  close  to  tne  edges  of  these  ducts ;  the  colour  fades 
away  gradually  on  receding  from  their  edges ;  there  is  most  colour 
where  there  are  several  ducts  together ;  and  the  dense  tissue  which 

*  These  two  dyes  have  affinities  for  different  components  of  the  tissues, 
and  may  be  advantageoasly  used  in  different  cases.  Magenta  is  rapidly 
taken  np  by  woody  matter  and  other  secondary  deposits ;  while  logwood 
colours  the  cell-membranes,  and  takes  but  reluctantly  to  the  substanoea 
seized  by  magenta.  By  trying  both  of  them  on  the  same  structure,  we  may 
goard  ourselves  against  any  error  arising  from  selective  combination. 
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Is  f nllj  djed  for  some  space,  is  that  which  lies  between  two  or  more 
ducts*  These  are  indications  that  while  the  lajer  of  pitted  cells 
aext  the  cambium  has  served  as  a  channel  for  part  of  the  liquid,  the 
cost  has  ascended  the  pitted  ducts,  and  oozed  out  of  these  into  the 
prosenchyma  around.  And  this  conclusion  is  confirmed  bj  the 
contrast  between  the  appearances  of  the  lowest  part  of  a  shoot 
under  different  conditions.  For  if,  instead  of  allowing  the  dye 
time  for  oozing  through  the  prosenchyma,  the  end  of  the  shoot  bo 
jhst  dipped  into  the  dye  and  taken  out  again,  we  find,  on  making 
transverse  sections  of  the  part  into  which  the  dye  has  been  rapidly 
taken  up,  that,  though  it  has  diffused  to  some  distance  round  the 
ducts,  it  has  left  tracts  of  wood  between  the  ducts  uncoloured — a 
difference  which  would  not  exist  had  the  ascent  been  through  the 
substance  of  the  wood.  Even  still  stronjrcr  is  the  contimiation 
obtained  bv  usini?  one  dve  after  another.  If  a  shoot  that  has  ab- 
sorbed  mai^enta  for  an  hour  be  placed  for  five  minutes  in  the  locr- 
wood  decoction,  transverse  sections  of  it  taken  at  a  short  distaiico 
from  its  end  show  the  mouths  of  the  ducts  surrounded  liy  dark 
stains  in  the  midst  of  the  much  wider  red  stains. 

i»ased  on  these  comparisons  only,  the  inference  pointed  out  has 
little  \voi<::ht:  but  its  weisrht  is  increased  bv  the  results  of  experi- 
ia«;iiU<  uu  quiie  youui^  siioots.  and  biioots  that  (leveloi)e  very  little 
wood.  Tlic  behaviour  of  these  corresponds  perfectly  with  the  ex- 
pectatiozi  that  a  h'quid  will  ascend  capillary  tubes  in  preference  to 
simple  cellular  tissue  or  tissue  not  differentiated  into  continuous  canals. 
The  vascular  bundles  of  the  medullary  sheath  are  here  the  only 
channels  which  the  coloured  liquid  takes.  In  sections  of  the  parts 
up  to  which  the  dye  has  but  just  reached,  the  spiral,  fenestrated, 
scalariform,  or  other  vessels  cpntained  in  these  bundles  are  alone 
coloiu*ed ;  and  lower  down  it  is  only  after  some  hours  that  such  an 
exudation  of  dye  takes  place  as  suffices  partially  to  colour  the  other 
substances  of  the  bundle.  Further,  it  is  to  be  noted  that  at  the 
terminations  of  shoots,  where  the  vessels  are  but  incompletely  formed 
out,  of  irrcgtdarly -joined  fibrous  cells  which  still  retain  their  original 
shapes,  the  dye  runs  up  the  uicipient  vessels  and  does  not  colour  in 
the  smallest  degree  the  surrounding  tissue. 

Experiments  with  leaves  bring  out  parallel  facts.  On  placing  in 
a  dye  a  petiole  of  an  adult  leaf  of  a  tree,  and  putting  it  before  the 
fire  to  accelate  evaporation,  the  dye  will  be  found  to  ascend  tho 
midrib  and  veins  at  various  rates,  up  even  to  a  foot  per  hour.  At 
first  it  is  confined  to  the  vessels ;  but  by  the  tune  it  has  reached  the 
point  of  the  leaf,  it  wUl  commonly  be  seen  that  at  the  lower  part  it 
has  diffused  itself  mto  the  sheaths  of  the  vessels.  In  a  quite  young 
leaf  from  the  same  shoot,  we  find  a  much  more  rigorous  restriction 
of  the  dye  to  the  vessels.  On  makmg  oblique  sections  of  its  petiole, 
midrib,  and  veins,  the  vessels  have  the  appearance  of  groups  of 
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sharply  defined  coloared  rods  imbedded  in  the  green  prosenchyma ; 
and  tills  marked  contrast  coutinnes  with  scarcely  an  appreciable 
change  after  plenty  of  time  has  been  allowed  for  exudation. 

The  facts  thns  grouped  and  thus  contrasted  seem,  at  first  sight, 
to  imply  that  while  they  are  young  the  coats  of  these  ramifying 
canals  lined  with  spuul  or  allied  structures  are  not  readily  perme- 
able, but  that,  becoming  porous  as  they  grow  old,  they  allow  tlic 
liquids  they  carry  to  escape  with  increasing  facility;  and  hence  a 
possible  interpretation  of  the  fact  that,  in  the  older  parts,  tlie  stain- 
ing of  the  tissue  around  the  vessels  is  so  rapid  as  to  suggest  that  the 
dye  has  ascended  directly  through  this  tissue,  whereas  in  the  younger 
parts  the  reverse  appearance  necessitates  the  reverse  conclusion. 
l>ut  now,  is  this  difference  determined  by  difference  ot  age,  or  is  it 
otherwise  determined  ?  The  evidence  as  presented  in  ordinary  stems 
and  leaves  shows  us  that  the  parts  of  the  vascular  system  at  which 
there  is  a  rapid  escape  of  dye  are  not  simply  older  partes,  but  are 
parts  where  a  deposit  of  woody  matter  is  taking  place.  Is  it.  then, 
rjuic  tlic  iiicreiising  permeability  or  the  ducts,  iubtoad  ot  heini^ 
'liiTctIv  associated  with  their  incrcasinsr  ii2fe,  is  dii'cctlv  asijociated 
.vith  the  increasing  deposit  of  dense  substance  around  them  i 

To  cret  proof  that  this  last  connexion  is  the  true  one.  to  harn 
iiiit  to  take  a  class  of  cases  in  which  wood  is  formed  only  to  a  smull 
extent.  In  such  cases  experiments  show  tis  a  far  more  general  and 
continued  lunitation  of  the  dye  to  the  vessels.  Ordinary  herbs  and 
vegetables,  when  contrasted  with  shrubs  and  trees,  illustrate  this ;  as 
instance  the  petioles  of  Celery,  or  of  the  common  Dock,  and  the 
leaves  of  Cabbages  or  Turnips.  And  then  in  very  succulent  plants, 
such  as  Bryophyllum  calycinumy  KaUuidioi  rotundifolicLy  the  various 
species  of  Crassula^  Cotyledon^  KleimOj  and  others  of  Vke  habit,  the 
ducts  of  old  and  young  leaves  alike  retain  the  dye  very  persistently : 
the  concomitant  m  these  coses  bemg  the  small  amount  of  prosen- 
chyma around  the  ducts,  or  the  small  amount  of  deposit  in  it,  or 
lioth.  More  conclusive  yet  is  the  evidence  which  meets  us  when  we 
turn  from  very  succulent  leaves  to  very  succulent  axes.  The  tender 
young  shoots  of  Kleima  ante-euphorbium^  or  Euphorbia  Mauritanica^ 
which  for  many  inches  of  their  lengths  have  scarcely  any  ligneous 
fibres,  show  us  scarcely  any  escape  of  the  coloured  liquid  from  the 
vessels  of  the  medullary  sheath.  So,  too,  is  it  with  Stapelia 
Buffbnioj  a  plant  of  anoUier  order,  having  soft  swollen  axes.  Ana 
then  we  have  a  repetition  of  the  IDce  connexion  of  facts  throughout 
the  CctctacecB :  the  most  succulent  showing  us  the  smallest  perme* 
ability  of  the  vessels.  In  two  species  of  Bhipsalis,  in  two  species  of 
CereuSy  and  in  two  species  of  MammiUana^  which  I  have  tried,  I 
have  found  this  so.  MammiUaria  gracilis  may  be  named  as  ex- 
emplifying the  relation  under  its  extreme  form.  Into  one  of  these 
small  spheroidal  masses,  the  dye  ascends  through  the  hirge  bundles 
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of  spiral  or  annular  ducts,  or  cells  partially  united  into  such  ducts, 
colouring  them  deeplj,  and  leaving  the  feebly-marked  sheath  of 
prosenchyma,  together  with  the  surrounding  watery  cellular  tissue, 
perfectly  uncoloured. 

The  most  conclnsirc  evidence,  however,  is  furnished  by  those 
Cactacece  in  which  the  transition  from  succulent  to  dense  tissue 
takes  place  variably,  according  as  local  circumstances  determine. 
•Opuntia  yields  good  examples.  If  apiece  of  it  including  one  of 
the  joints  at  which  wood  is  beginning  to  form,  be  allowed  to  absorb 
a  coloured  liquid,  the  liquid,  running  up  the  irregular  bundles  of 
vessels  and  into  many  of  their  minute  ramifications,  is  restricted  to 
these  where  they  pass  throni^h  the  parenchyma  forming  the  mass  of 
the  stem :  but  near  the  joints  the  hardened  tissue  around  the  vessels 
is  coloured.  In  one  of  these  ilcsliy  growths  we  get  clear  evidence 
that  the  escape  of  the  dye  has  no  immediate  dependence  on  the  aire 
of  the  vessels,  since,  in  parts  of  the  stem  that  are  alike  in  ajr?,  some 
of  tlie  ve."5snls  retain  their  contents  while  others  do  uot.  >iav,  we 
oven  find  that  the  younjrer  vessels  tire  more  pervious  iliun  ilie  older 
ones,  if  round  the  youuirer  ones  there  is  a  formation  oi  wood. 

Thus,  then,  is  contirmed  the  inference  before  drawn,  that  in  ordi- 
nary stems  the  staiiiiuq  of  the  wood  by  an  ascenaini^  coloured  liquid 
is  due,  not  to  the  passai^c  of  the  coloured  liquid  up  the  substance 
of  the  wood,  but  to  the  permeability  of  its  ducts  and  sucli  of  its 
pitted  cells  as  are  united  into  irregular  canals.  And  the  facts 
showing  this,  at  the  same  Indicate  with  tolerable  clearness  the  process 
by  which  wood  is  formed.  What  in  these  cases  is  seen  to  take  place 
with  a  dye,  may  be  fairly  presiuned  to  take  place  with  sap.  Where 
the  dye  exudes  but  slowly,  we  may  mfer  that  the  sap  exudes  but 
slowly ;  and  it  is  a  fan*  inference  that  where  the  dye  leaks  rapidly  out 
of  the  vessels,  the  sap  does  the  same.  Inferring,  thus,  tliat  where- 
ever  there  is  a  considerable  formation  of  wood  there  is  a  considerable 
escape  of  the  sap,  we  see  in  the  one  the  result  of  the  other-  The 
thickening  of  the  prosench}iua  is  proportionate  to  the  quantity  of 
nutritive  liqtud  passing  into  it ;  and  this  nutritive  liquid  passes  into 
it  from  the  vessels,  ducts,  and  irregular  canals  it  surrounds. 

But  an  objection  is  made  to  such  experiments  as  the  foregoing, 
and  to  all  the  inferences  di*awn  from  them.  It  is  said  that  portions 
of  plants  cut  off  and  thus  treated,  have  their  physiological  actions 
arrested,  or  so  changed  as  may  render  the  results  misleading ;  and  it 
is  said  that  when  detached  shoots  and  leaves  have  their  cut  ends 
placed  in  solutions,  the  open  mouths  of  their  vessels  and  ducts  are 
dkectly  presented  with  the  liquids  to  be  absorbed,  which  does  not 
happen  in  their  natural  states.  Further,  making  these  objections 
look  serious,  it  is  alleged  that  when  solutions  are  absorbed  through 
the  roots,  qnite  different  results  are  obtamed :  the  absorbed  mattei-s- 
ai'e  found  in  the  tissues  and  not  in  the  vessels.    Clearly,  were  the  ex- 
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pcriments  yielding  these  adrerse  results  condacted  in  unobjectionable 
ways,  tlie  conclusion  implied  by  them  would  negative  the  condosions 
above  drawn.  But  these  experiments  are  no  less  objectionable  than 
those  to  which  they  are  opposed.  Such  mineral  matters  as  salts  of  iroOf 
solutions  of  which  have  in  some  cases  been  supplied  to  the  roots  for 
their  absorption,  are  obviously  so  unlike  the  matters  ordmarily  absorbed, 
that  they  are  likely  to  interfere  fatally  with  the  physiological  actions. 
If  experiments  of  this  kind  are  made  by  immersing  the  roots  in  a 
dye,  there  is,  besides  the  difficulty  that  the  mineral  mordant  contained 
by  the  dye  is  injurious  to  the  plant,  the  further  difficulty  that  the 
colouring  matter,  being  seized  by  the  substances  for  which  it  has  an 
affinity,  is  left  behind  in  the  first  layers  of  root  tissues  passed  through, 
and  that  the  decolorized  water  passing  up  into  the  plant  is  not  trace- 
able. To  be  conclusive,  then,  an  experiment  on  absorption  through 
roots  must  bo  made  with  some  solution  which  will  not  seriously  in- 
terfere with  the  plant's  vital  processes,  and  which  will  not  have  hn 
distinctive  element  left  behind.  To  fulfil  these  requirements  I 
adopted  the  following  method.  ITaving  imbedded  a  wcll-soalccd 
broad-bean  in  moist  sand,  contained  in  an  inverted  cone  of  card- 
l)oarcl  Willi  its  apex  cut  off  for  the  radicle  to  come  through — having 
pkiced  this  in  a  wide-mouthed  dwarf  bottle,  partly  tilled  with  water. 
-o  that  the  i)rorrudiii'4-  radicle  « lipped  inlo  the  water — and  havmg 
waited  until  tiie  vouno:  bean  had  a  shoot  some  three  or  more  inche^j 
high,  and  a  cluster  of  secondary  rootlets  from  an  inch  to  an  inch 
and  a-half  long — I  supplied  for  its  absorption  a  simple  decoction  of 
logwood,  which,  being  a  vegetal  matter,  was  not  likely  to  do  it  much 
harm,  and  which,  being  without  a  mordant,  would  not  leave  its  sus- 
pended colour  in  the  first  tissues  passed  through.  To  avoid  any 
possible  injury,  I  did  not  remove  the  plant  from  the  bottle,  but 
slightly  raismg  the  cone  out  of  its  neck,  I  poured  away  the  water 
throujQjh  the  crevice  and  then  poured  in  the  logwood  decoction ;  so 
that  there  could  have  been  no  broken  end  or  abraded  surface  of  a 
rootlet  through  which  the  decoction  might  enter.  Being  prcpai'ed 
with  some  chloride  of  tin  as  a  mordant,  I  cut  off,  after  some  three 
hours,  one  of  the  lowest  leaves,  expecting  that  the  application  of  the 
mordant  to  the  cut  surface  would  bring  out  the  characteristic  colour 
if  the  logwood  decoction  had  risen  to  that  height  I  got  no  re- 
action, however.  But  after  eight  hours  I  found,  on  cutting  off 
another  leaf,  that  the  vessels  of  its^  petiole  were  made  visible  as  dark 
streaks  by  the  colour  with  which  they  were  charged — ^a  colour  differ- 
ing, as  was  to  be  expected,  from  that  of  the  logwood  decoction, 
which  spontaneously  changes  even  by  simple  exposure.  It  was  then 
too  late  in  the  day  to  pursue  the  observations ;  but  next  morning  the 
vessels  of  the  whole  plant,  as  far  as  the  petioles  of  its  highest  nn- 
folded  leave?,  were  full  of  the  colouring-matter ;  and  on  applying 
chloride  of  tin  to  the  cut  surfaces,  the  vessels  assumed  that  purplish 
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red  which  this  mordant  produces  when  directly  mixed  with  the  lo^* 
wood  decoction.  Sabseqaently,  when  one  of  the  cotyledons  was  cut 
open  by  Prof.  Olirer,  to  whom,  in  cpmpany  with  Dr.  Hooker,  I 
showed  the  specimen,  we  fonnd  that  the  whole  of  its  roscular  system 
was  filled  with  the  decoction,  wliich  everywhere  gave  the  characteristic 
reaction.  And  it  became  manifest  that  the  liquid  absorbed  through 
the  rootlets,  in  the  central  vessels  of  which  it  was  similarly  traceable, 
had  part  of  it  passed  directly  up  the  vessels  of  the  axis,  while  part  of 
it  had  passed  through  other  vessels  into  the  cotyledon,  put  of  which, 
no  doubt,  the  liquid  ordinarily  so  earned  returns  charged  with  a 
supply  of  the  stored  nutriment.  I  have  since  obtamed  a  verification 
by  varying  the  method.  Digging  up  some  young  plants  (Marigolds 
happened  to  afford  the  best  choice)  with  large  masses  of  soil  round 
them,  placing  them  in  water,  so  as  gradually  to  detach  the  soil  with- 
out injuring  rhe  rootlets,  phinting  them  uiresh  in  a  flower-pot  full  of 
wo^ihed  sand,  and  then,  after  ii  few  days,  watering  them  with  a  lou:- 
woocl  d(M.ociion,  I  tound,  Jis  before,  that  in  less  than  twontv-fonr 
hours  the  colonring-'natter  had  run  \i\}  into  the  vessels  of  the  leaves. 
Though  the  reaction  produced  ))y  the  mordant  was  not  so  strong  ad 
hofore,  it  was  markeii  ^nonirh  to  l>e  qnirr  iTnni'p<(ional)lo. 

As  the^e  experiments  were  so  conducted  that  there  was  no  access 
to  the  vessels  except  through  the  natural  channels,  and  as  the  viuil 
actions  of  the  plants  were  so  little  interfered  with  that  at  the  end  of 
twenty-four  hours  they  showed  no  traces  of  disturbance,  I  think  the 
results  must  be  held  conclusive. 

Taking  it,  then,  as  a  fact  that  in  plants  possessing  them  the  vessels 
and  ducts  are  the  channels  through  which  sap  is  distributed,  we  come 
now  to  the  further  question — ^What  determines  the  varying  permea- 
bility of  the  walls  of  the  vessels  and  ducts,  and  the  consequent  vary- 
mg  formation  of  wood  f  To  this  question  I  believe  the  true  reply  is — 
The  exposure  of  the  parts  to  intermittent  mechanical  strains,  actual 
or  potential,  or  both.  By  actual  strains  I  of  course  mean  those 
which  the  pkint  experiences  in  the  course  of  its  individual  life.  By 
potential  strains  I  mean  those  which  the  form,  attitude,  and  circum- 
stances common  to  its  kind  involve,  and  which  its  inherited  stmctnre 
is  adapted  to  meet.  In  plants  with  stems,  petioles,  and  leaves, 
having  tolerably  constant  attitudes,  the  increasing  porosity  of  the 
tubes  and  consequent  deposit  of  dense  tissue  takes  place  in  anticipa- 
tion of  the  strains  to  which  the  parts  of  the  individual  are  liable,  but 
takes  place  at  parts  which  have  been  habitually  subject  to  such 
strains  in  ancestral  individuals.  But  though  in  such  plants  the 
tendency  to  repeat  that  distribution  of  dense  tissue  caused  by 
mechanical  actions  on  past  generations,  goes  on  irrespective  of  the 
mechanical  actions  to  which  the  developing  individual  is  subject, 
these  du*ect  actions,  while  they  greatly  aid  the  assumption  of  the 
typical  structure,  are  the  sole  causes  of  those  deviations  in  the  rela- 
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Uvo  thickenings  of  parts  which  distinguish  the  indiyidonl  from  others 
of  its  kind.  And  then,  in  certain  irregalorlj  growing  plants,  sach  as 
Cactnses  and  Euphorbias,  where  the  strains  fall  on  parts  that  do 
not  correspond  in  saccessfre'indindnals,  we  distinctly  trace  a  direct 
relation  between  the  degrees  of  strain  and  the  rates  of  these  changes 
which  resnlt  in  dense  tissae.  I  will  not  occapy  space  in  detailing 
the  eridence  of  this  relation,  which  is  conspicnoos  in  the  orders 
named,  but  will  pass  to  the  question — ^What  are  the  physical  processes 
by  which  intermittent  mechanical  strains  produce  this  deposit  of 
resistant  substance  at  places  where  it  is  needed  to  meet  the  strains  1 
We  hare  not  to  seek  far  for  an  answer.  If  a  trunk,  a  bough,  a 
shoot,  or  a  petiole,  is  bent  by  a  gust  of  wind,  the  substance  of  its 
convex  side  is  subject  to  longitudinal  tension :  the  substance  of  its 
concare  side  beins?  at  the  same  time  compressed.  This  is  the 
primary  mechanical  effect.  There  is,  however,  a  secondary  mecbani- 
t::il  elTcct,  which  here  chiefly  concerns  us.  That  bend  by  wiiich  the 
f  issues  of  the  convex  side  are  stretched,  also  produces  lateral  com- 
pression oc  them.  Buttonini^  on  a  tiprht  irlove  and  tiicn  ciosine  the 
luind,  will  make  this  necessity  clear :  the  leather,  while  it  is  strained 
jilons:  the  backs  of  the  lincrers,  presses  with  considerable  force  on  the 
auuckIcs.  It  i<  demoiiscraule  thac  the  tensions  of  the  outer  layer  of 
a  miiss  made  convex  by  bending",  must,  by  composition  of  forces, 
produce  at  every  pomt  a  resultant  at  right  angles  to  the  layer  be- 
neath it ;  that,  simihirly,  the  jomt  tensions  of  these  two  hiyers  must 
throw  a  pressure  on  the  next  deeper  layer ;  and  so  on.  Hence^  if 
at  some  little  distance  beneath  the  snrface  of  a  stem,  twig,  or  leaf- 
stalk, there  exist  longitudinal  tubes,  these  tubes  must  be  squeezed 
each  time  the  side  of  the  branch  they  are  placed  on  becomes  convex. 
Modifymg  the  Ulnstration  just  drawn  from  the  clenched  hand  will 
make  this  clear.  TVhen,  on  forcibly  grasping  something,  the  skin  is 
drawn  tightly  over  the  back  of  the  hand,  the  whitening  of  tlie 
knuckles  shows  how  the  blood  is  expelled  from  the  vessels  below  the 
surface  by  the  pressure  of  the  tightened  skin.  If,  then,  the  sap- 
vessels  must  be  thus  compressed,  what  will  happen  to  the  liqnid  they 
contain?  It  will  more  away  along  the  lines  of  least  resistance. 
Part,  and  probably  the  greater  part,  will  escape  lengthways  from  the 
place  of  greatest  pressure :  some  of  it  being  expelled  downwards, 
and  some  of  it  upwards.  But,  at  the  same  time,  port  of  it  will  be 
hkely  to  ooze  through  the  walls  of  the  tubes.  If  these  walls  ore  so 
perfect  as  to  permit  the  passage  of  liquid  only  by  osmose,  it  may 
still  be  mferred  that  the  osmose  will  increase  under  pressure ;  and 
probably,  under  recurrent  pressure,  the  places  at  which  the  osmotic 
current  passes  most  readily  will  become  more  and  more  permeable^ 
until  they  eventually  form  pores.  At  any  rate  it  is  manifest  that 
where  pores  and  slits  exist,  whether  thus  formed  or  formed  in  any 
other  way,  the  escape  of  sap  into  the  adjacent  tissue  at  each  bend 
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^in  become  cosy  and  rapid.  AVhat  further  mast  happen  t  Whca 
the  branch  or  shoot  recoib,  the  vessels  on  the  side  that  was  convex, 
being  relieved  from  pressure,  will  tend  to  resume  their  previous 
diameters ;  and  will  be  helped  to  do  this  by  the  elasticity  of  the  sur- 
rounding tissue,  as  well  as  by  those  spiral,  annular,  and  allied  struc- 
tures which  they  contain.  But  thb  resumption  of  their  previous 
diameters  must  cause  an  immediate  rush  of  sap  back  into  them. 
Whence  will  it  come  f  Not  to  any  considerable  extent  from  the  sur- 
rounding tissues  into  which  part  of  it  has  been  squeezed,  seemg  that 
the  resistance  to  the  return  of  liquid  through  small  pores  will  be 
greater  than  the  resistance  to  its  return  along  the  vessels  themselves. 
Manifestly  the  sap  which  was  thrust  up  and  down  the  vessels  from 
the  place  of  compression  will  return — the  quantities  returning  from 
above  and  from  below  varvinir.  :is  we  shall  hereafter  see,  aecordiiiT 
to  circomstanecs.  But  this  is  not  all.  From  some  side  a  greater 
quantity  must  I'omo  back  than  v,ms  bciit  awiiv  ;  for  tlie  nnioimt  that 
h:is  escaped  out  oi  the  tube  into  the  prosenchyraa  has  to  l>e  roplaeo.i. 
Thus  durinij  the  time  when  tiie  side  of  the  l)ranch  or  twig  becomes 
concave,  more  san  returns  from  al)Ove  or  below  than  w;is  oxnelled 
upwartls  or  aownwjirds  during  the  previous  compression.  The  re- 
lilled  vessels,  when  the  next  bend  renders  then"  side  convex,  again 
have  part  of  their  contents  forced  through  their  parietes,  and  are 
again  refilled  in  the  same  way.  There  is  thus  set  up  a  draught  of  sap 
to  the  place  where  these  intermittent  strains  are  going  on,  an  exuda- 
tion proportionate  to  the  frequency  and  intensity  of  the  strains, 
and  a  proportionate  nutrition  or  thickening  of  the  wood- 
cells,  fitting  them  to  resist  the  straias.  A  rude  idea  of 
this  action  may  be  obtamed  by  grasping  in  one  hand  a  damp 
sponge,  having  its  lower  end  in  water,  while  holding  a  piece  of 
blotting-paper  in  contact  with  its  upper  end,  and  then  giving  the 
sponge  repeated  squeezes.  At  each  squeeze  some  of  the  water  will 
be  sent  into  the  blotting-paper ;  at  each  relaxation  the  sponge  will 
refill  from  below,  to  give  another  portion  of  its  contents  to  the 
blotting  paper  when  again  squeezed. 

But  how  does  this  explanation  apply  to  roots  ?  If  the  formation 
of  wood  is  due  to  intermittent  transverse  strains,  such  as  are  pro- 
duced^ the  aerial  parts  of  upright  plants  by  the  wind,  how  does  it 
happen  that  woody  matter  is  deposited  in  roots,  where  there  are  no 
lateral  oscillations,  no  transverse  strains?  The  answer  is,  that 
longitudinal  strams  also  are  capable  of  causmg  the  effects  described. 
It  is  true  that  perfectly  straight  fibres  united  into  a  bundle  and  pulled 
lengthways  would  not  exert  on  one  another  any  lateral  pressnre,  and 
would  not  laterally  compress  any  similarly-straight  canals  running 
along  with  them.  But  if  the  fibres  united  into  a  bundle  are  variously 
bent  or  twisted,  they  cannot  be  longitudinally  strauied  without  coni- 
prcssmg  one  another  and  structures  imbedded  in  them.    It  neciLi 
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4)at  to  watch  a  wet  rope  drawn  tight  by  a  capstan,  to  see  that  an 
action  like  that  which  sqneeEes  the  water  oat  of  its  strands,  wHi 
squeeze  the  sap  oat  of  the  vessels  of  a  root  into  the  surrounding 
tissue,  as  often  as  the  root  is  pulled  by  the  swaying  of  the  plant  it 
belongs  to.  Here,  too,  as  before,  the  vessels  will  refill  when  the 
pull  intermits ;  and  so,  in  the  roots  as  in  the  branches,  this  mde 
pumping  process  will  produce  a  growth  of  hard  tissue  proportionate 
to  the  stress  to  be  borne. 

These  conclusions  are  supported  by  the  evidence  which  exceptional 
coses  supply.  If  intermittent  mechanical  strains  thus  cause  the  for- 
mation of  wood  where  wood  is  found,  then  where  it  is  not  found, 
there  should  be  an  absence  of  intermittent  mechanical  strains.  There 
is  such  on  absence.  Vascular  plants  characterized  by  little  or  no 
deposit  of  dense  substance,  are  those  having  vessels  so  conditioned 
that  no  considerable  pressures  ore  borne  by  them.  The  more 
succnient  a  petiole  or  leaf  becomes,  the  more  do  the  effects  of  trans- 
verse strains  fall  on  its  outer  layers  of  cells.  Its  mechanical  support 
is  riiietty  derived  S'rom  the  ability  of  these  minute  vesicles,  full  of 
liquid,  to  resist  l)urstine  and  tearinir  imder  the  compressions  and 
tensions  they  are  exposed  to.  And  just  as  fast  as  this  change  from 
a  thin  leaf  or  foot-stalk  to  a  thick  one  entails  increasing  stress  on  the 
snperiicial  tissue,  so  fast  does  it  diminish  the  stress  on  the  internally- 
seated  vascular  tissue.  The  succulent  leaf  cannot  be  swayed  about 
by  the  wind  as  much  as  an  ordinary  leaf ;  and  such  small  bends  as 
can  be  given  to  it  and  its  foot-stalk  are  prevented  from  affecting  in 
any  considerable  degree  the  tubes  running  through  its  interior. 
Hence  the  retentiveness  of  the  vessels  in  these  fleshy  leaves,  as  shown 
by  the  small  exudation  of  dye ;  and  hence  the  small  thickening  of 
their  surrounding  prosenchyma  by  woody  deposit  StOl  more  con- 
spicuously is  this  connexion  of  facts  shown  when,  from  the  soft  thick 
leaves  before  named  and  such  others  as  those  of  Eckevetna^  Boc/tea^ 
PereskicL,  we  turn  to  the  thick  leaves  that  have  strong  exo-skeletons. 
Gasteria  serves  as  an  illustration.  The  leathery  or  homy  skin  here 
evidently  bears  the  entire  weight  of  the  leaf,  and  is  so  stiff  as  to  pre- 
vent any  oscillation.  Here,  then,  the  vessels  running  inside  are  pro- 
tected from  all.  mechanical  stress ;  and  accordingly  we  find  that  the 
cells  surrounding  them  are  not  appreciably  thickened. 

Equally  clear,  and  more  striking  because  more  obviously  excep- 
tional, is  the  evidence  given  by  succulent  stems  which  are  leafless. 
StapeUa  Buffonioj  having  soft  procumbent  axes  not  liable  to  be  bent 
backwards  and  forwards  in  any  considerable  degree  by  the  wind, 
has,  ramifying  through  its  tissue,  vessels  that  allow  but  an  extremely 
slow  escape  of  dye  and  have  unthickened  sheaths.  Such  of  the 
Euphorbias  as  have  acquired  the  fleshy  character  while  retaining  the 
arborescent  growth,  like  Euphorbia  Cancanensis^  teach  us  the  same 
truth  in  another  way.    In  them  the  formation  of  wood  around  the 
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fesscis  is  incoDspicaooa  where  the  intennittent  strains  ore  bat  slight ; 
bat  it  is  conspicaoas  at  those  joints  on  which  lateral  oscillations  of 
the  attached  branches  throw  great  extensions  and  compressions  of 
tissae.  Throaghoat  the  Cactaeea  we  find  varied  examples  of  the 
alleged  relation.  ManvmUaria  famishes  a  very  marked  one.  The 
substance  of  one  of  these  globular  masses,  resting  on  the  ground, 
admits  of  no  bending  from  side  to  side ;  and  accordingly  its  kurge 
bundles  of  spiral  and  annular  ressels,  or  partially-anited  cells,  have 
very  feebly-marked  sheaths  not  at  all  thickened.  In  such  types  as 
Cereus  and  Opuntia  we  see,  as  in  the  Euphorbias,  that  where  little 
stress  falls  on  the  vessels,  little  deposit  tiUces  place  around  them ; 
while  there  is  much  deposit  where  there  is  much  stress.  Here  let  me 
add  a  contirmation  obtained  since  writing  the  above.  After  observ- 
uig  among  the  Cactuses  the  very  manifest  relation  between  strain 
and  the  formation  ot  wood,  I  inquired  of  Mr.  Croucber,  the  intelli- 
•^ont  foreman  ot  the  Cactus-house  at  Kew,  whether  he  found  this 
relation  a  eoustaut  one.  He  replied  that  he  did.  and  that  be  bad 
frequently  tested  it  by  artificially  subjecting  parts  of  them  to  strains. 
Negiectmg  at  the  time  to  inquire  how  he  bad  done  this,  it  afterwards 
o  -frurrcd  to  mo  that  if  he  had  so  done  it  as  to  cause  coiiiiraiit  strains, 
the  observed  result  would  not  tell  in  favour  of  the  forcG^oini^  inter- 
pretation. Subsequently,  however,  I  learned  that  he  had  produced 
the  strains  by  placmg  the  plants  in  inclined  attitudes — ^a  method 
which,  by  permitting  oscillations  of  the  stramed  jomts,  allowed  the 
strains  to  intermit.  And  then,  making  the  proof  conclusive,  Mr. 
Croucher  volimteered  the  statement  that  where  he  had  produced 
constant  strains  by  tying,  no  formation  of  wood  took  place. 

Aberrant  growths  of  another  class  display  the  same  relations  of 
phenomena.  Take  first  the  underground  stems,  such  as  the  Potato 
and  the  Artichoke.  The  vessels  which  run  through  these,  slowly 
take  up  the  dye  without  letting  it  pass  to  any  considerable  extent 
into  the  surrounding  tissues.*  Only  after  an  interval  of  many  hours 
does  the  prosenchyma  become  stained  in  some  places.  Here,  as 
before,  an  absence  of  rapid  exudation  accompanies  an  absence  of 
woody  deposit ;  and  both  these  go  along  with  the  absence  of  inter- 
mittent strams.  Take  again  the  fleshy  roots.  The  Tnmip,  the 
Carrot,  and  the  Beetroot,  have  vessels  that  retain  very  persistently 
the  coloured  Uqnids  they  take  up.  And  differmg  in  this,  as  these 
roots  do,  from  ordinary  roots,  we  see  that  they  also  differ  from  them 
in  not  being  woody,  and  in  not  being  appreciably  subject  to  the 

*  Those  who  repeat  these  experiments  must  be  prepared  for  great  irregn- 
lorities  in  the  rates  of  absorption.  Succulent  structures  in  general  absorb 
much  more  slowly  than  others,  and  sometimes  will  scarcelv  take  np  the  dye 
at  all.  The  differences  between  different  structures,  and  the  same  structure 
at  different  times,  probably  depend  on  the  degrees  in  which  the  tissues  are 
charged  with  liquid  and  the  rates  at  which  they  are  losing  it  by  evaporation. 
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usual  mechanical  actions.  In  these  coses,  as  in  the  others,  parts 
that  ordinarily  become  dense,  deyiate  from  this  typical  character 
when  they  are  not  exposed  to  those  forces  which  produce  dense 
tissue  by  increasing  the  extravasation  of  sap. 

To  complete  the  proof  that  such  a  relation  exists,  let  me  add  the 
results  of  some  experiments  on  equal  and  similarly-deTeloped  parts, 
kept  respectirely  at  rest  and  in  motion.  I  hare  tested  the  effects  on 
lorji^e  petioles,  on  herbaceous  shoots,  and  on  woody  shoots.  If  two 
such  petioles  as  those  of  Rhubarb,  \nth  their  leaves  attached,  have 
their  cut  ends  inserted  in  bottles  of  dye,  and  the  one  be  bent  back- 
wards and  forwards  while  the  other  remains  motionless,  there  arises, 
after  the  lapse  of  on  hour,  scarcely  any  Uifference  in  the  states  of 
their  vessels :  a  certain  proportion  of  these  are  in  both  cases  charged 
with  the  dye,  and  little  exudation  has  been  produced  by  the  motion. 
Here,  however,  it  is  to  be  observed  that  the  causes  of  exudation  are 
ocarceiy  operative ;  the  vascular  bundles  ore  distribate<i  all  through 
the  muss  of  the  petiole,  wiiicii  is  formed  of  soft  watery  tissue ;  and 
thev  are,  therefore,  not  so  circumstanced  as  to  be  effectuallv  com- 
pressed  by  the  bends.  In  herbaceous  stems,  such  as  those  of  the 
Jerusalem  Artichoke  and  of  the  Foxglove,  an  effect  scarcely  more 
•  lecideil  is  produced  ;  mid  here,  too,  wheu  we  seek  a  reason,  we  tiiid 
it  in  the  non-fultihnent  of  the  mechanical  conditions ;  for  the  vascular 
buudles  are  not  so  seated  between  a  tongh  layer  of  bark  and  a  solid 
core  as  to  be  compressed  at  each  bend  When,  however,  we  come 
to  experunent  upon  woody  shoots,  we  meet  with  conspicuous  effects, 
though  by  no  means  uniformly.  In  some  cases  oscHlationfl  produce 
immense  amounts  of  exudation — ^parallel  transverse  sections  of  the 
compared  shoots  showing  that  where,  in  the  one  that  haa  been  at 
rest,  there  are  spots  of  colour  round  but  a  few  pitted  ducts,  in  the 
one  that  has  been  kept  in  motion  the  substance  of  the  wood  is  soaked 
ahnost  uniformly  through  with  dye.  In  other  cases,  especially  where 
there  is  much  undifferentiated  tissue  remaining,  the  exudation  is  not 
very  marked.  The  difference  appears  to  depend  on  the  quantity  of 
liqcud  contained  in  the  shoot.  If  its  substance  is  relatively  dry,  the 
exudation  is  great ;  but  it  is  comparatively  small  if  all  the  tissues  are 
fully  charged  with  sap.  This  contrast  of  results  is  one  which  con- 
templation of  the  mechanical  actions  will  lead  us  to  expect. 

And  now,  with  these  facts  to  aid  our  interpretation,  let  us  return 
to  ordinary  stems.  •  If  the  upper  end  of  a  growing  shoot,  the  prosen- 
chyma  of  which  is  but  little  thickf'ned,  be  allowed  to  imbibe  the  dye, 
the  vessels  of  its  medullary  sheath  alone  become  charged ;  and  from 
them  there  takes  place  but  a  slow  oozing.  If  a  like  experiment  be 
tried  with  a  lower  part  of  the  shoot,  where  the  wood  in  course  of 
formation  1ms  its  inner  boundary  marked  but  not  its  outer  boundary, 
we  find  that  the  pitted  ducts,  and  more  especially  the  inner  ones, 
come  into  piny.    Aud  then  lower  still,  where  the  wood  has  its  peri* 
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pLcrj  defined  and  its  histological  characters  decided,  the  appearances 
show  that  the  tissue  forming  its  oater  surface  begins  to  take  a  leadr 
ing  part  in  the  transmission  of  liquid.  What  now  is  the  explanation 
of  these  changes,  mechanically  considered  ?  In  the  young  soft  part 
of  the  shoot,  as  in  all  normal  and  abnormal  growths  that  have  not 
formed  wood,  tlie  channels  for  the  passage  of  sap  are  the  spiral, 
annular,  fenestrated,  or  reticulated  vessels.  These  vessels,  here  in- 
cluded in  the  bundles  of  the  medullary  sheath,  are,  in  common  with 
the  tissues  around  them,  subject,  by  the  bendings  of  the  shoot,  to 
slight  intermittent  compressions,  and,  especially  the  outermost  of 
them,  are  thus  forced  to  give  the  prosenchyma  an  extra  supply  of 
nutritive  liquid.  The  thickening  of  the  prosenchyma,  spreading 
lateruilv  as  well  as  outwards  from  each  bundle  oi  the  mcduUurv 
sheath,  goes  on  until  it  meets  the  tiiickcuin^s  that  spread  from  the 
other  bundles  i  and  there  is  so  formed  an  irreirular  cylinder  ot  har- 
dened tissue,  surroundint;  the  medulla  and  the  vascular  bundles  of 
its  shoath.  As  soon  as  thb^  happens,  these  vasicuhir  iumdles  Ixvonie, 
to  a  considerable  exteut.  j^hieided  from  the  eiYeots  ot  transver:5e 
strains,  since  the  tensions  and  compressions  chiefly  lall  on  the  de- 
voloping  wood  outside  of  them.  Clearly,  too.  the  'jcrei'.tost  stress 
must  be  lelt  hy  the  outer  layer  of  the  deveiopai^  wooil :  ijcing  lur- 
thor  removed  from  the  neutral  axis,  it  must  be  subject  to  severer 
strains  at  each  bend ;  and  lying  between  the  bark  and  the  layer  of 
wood  first  formed,  it  must  be  most  exposed  to  lateral  compressions. 
Among  the  elongated  cells  of  this  outer  layer,  some  unite  to  form 
the  pitted  ducts.  Being,  as  we  see,  better  circumstanced  mechani- 
cally, they  become  greater  carriers  of  sap  than  the  original  vessels, 
and,  in  consequence  of  this,  as  well  as  in  consequence  of  their  rela- 
tive proximity,  become  the  sources  of  nntrition  to  the  still  more  ex- 
ternal layers  of  wood-cells.  The  same  causes  and  the  same  effects 
hold  with  each  new  indurated  coat  deposited  round  the  previously 
indurated  coats. 

This  description  may  be  thought  to  go  far  towards  justifying  the 
current  views  respecting  the  course  taken  by  the  sap.  But  the 
justification  is  more  apparent  than  real.  In  the  first  place,  the  un- 
plication  here  is  that  the  sap-canying. function  is  at  first  discharged 
entirely  by  the  vessels  of  the  medullary  sheath,  and  that  they  cease 
to  discharge  this  function  only  as  fast  as  they  are  relatively  incapaci^ 
tated  by  theur  mechanical  circumstances.  And  the  second  implica- 
tion is,  that  it  is  not  the  wood  itself,  but  the  more  or  less  continuous, 
canals  formed  in  it,  which  are  the  subsequent  sap-distributors.  This, 
though  readily  made  clear  by  microscopic  examination  of  the  large 
pitted  ducts  in  a  partially  lignificd  shoot  that  has  absorbed  the  dye, 
is  less  manifestly  true  of  the  peripheral  layer  of  sap-carrying  tissue 
finally  formed.  But  it  is  really  true  here.  For  this  layer,  though 
nominally  a  layer  of  wood,  is  practiciUly  a  layer  of  inosculatmg 
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Tesscls.  It  is  formed  out  of  irregalor  Iiiics  and  networks  of  elon- 
gated pitted  cells,  obliqaelj  united  by  their  ends.  Examination  of 
them  after  absorption  of  a  dye,  shows  that  it  is  only  along  the  con- 
tinuous channels  they  unite  to  form  that  the  current  has  passed, 
lint  the  essentially  vascular  character  of  this  outer  and  latest-formed 
layer  of  the  alburnum  is  best  seen  m  the  fact  that  the  vascular  sys- 
tems of  new  axes  take  their  rise  from  it,  and  form  with  it  continuous 
canals.  If  a  shoot  of  last  year  in  which  growth  is  recommencing,  be 
cut  lengthways  after  it  has  imbibed  a  dye,  clear  proof  is  obtained 
that  the  passage  of  the  dye  into  a  kteral  bud  takes  place  from  this 
outermost  layer  of  pitted  cells,  and  that  the  channels  taken  by  the 
dye  through  the  new  tissue  are  composed  of  ceUs  that  pass  through 
modified  forms  into  the  spiral  vessels  of  the  new  medullary  sheath. 
This  transition  may  be  still  more  clearly  traced  in  a  terminal  bud 
that  continues  the  line  of  lost  vear  s  shoot.  .  A  lons^itudinal  section 
of  this  shows  that  the  vessels  of  the  new  medallary  sheath  do  not 
obtain  their  sap  from  the  vessels  of  lost  years  sheath  (which,  as 
.>l!0\vn  by  the  non-uhsorption  of  dye,  have  become  inactive),  but  that 
tiicir  supplies  are  obtaiiiod  from  those  inosculating  canals  formed  out 
of  last  year's  outo^no^<t  layer  of  prosenchyma.  and  that  between  the 
<*oniponenc  ceils  of  this  and  tliose  of  the  now  vascular  svstem  there 

4.  • 

are  ail  gradations  of  structure.* 

*  It  may  be  added  here  that,  on  considering  the  meohaaioal  aoiioiu  that 
must  go  on,  we  are  enabled  in  some  measure  to  understand  both  how  such  inos- 
culating channels  are  initiated,  and  how  the  structures  of  their  component 
ceJls  are  explicable.  What  must  happen  to  one  of  these  elongated  proeen- 
chyma-oellfl  if,  in  the  course  of  its  development,  it  is  subject  to  intennittent 
compressions  ?  Its  squeezed-out  liquid  while  partially  escaping  laisnlly, 
will  more  largcl^r  escape  upwards  and  downwards ;  and  while  repeateil 
lateral  escape  will  tend  to  form  lateral  channels  communicating  with 
laterally-adjacent  cells,  repeated  longitudinal  escape  will  tend  to  form 
channels  communicating  with  lougicudinally-adjacent  cells  —  ^  pro- 
i^lucing  continuous  though  irreirular  longitudinal  canals.  Meanwhile 
each  cell  into  and  out  of  which  the  nutritive  liquid  is  from  time 
to  time  squeezed  through  small  openings  in  its  walls,  cannot  thicken 
internally  in  an  even  manner :  deposition  will  be  interfered  with  by 
the  passage  of  the  currents  through  the  pores.  The  rash  to  or  from  each 
pore  will  tend  to  maintam  a  funnel-shaped  depression  in  the  deposit  around  ; 
and  the  opening  from  cell  to  cell  will  so  acquire  just  that  shape  which  the 
microscope  shows  up — two  hollow  co^es  with  their  apices  meeting  at  the 
point  where  the  oeli-membranes  are  in  contact.  Moreover,  as  confirming 
this  interpretation,  it  may  be  remarked  that  we  are  thus  supplied  with  a 
reason  for  the  differences  of  shape  between  these  passages  from  one  pitted 
cell  to  another,  and  the  analogous  pMsages  that  exist  between  cells  other- 
wise formed  and  otherwise  conditioneoL  In  the  cells  of  the  medulla,  and 
others  which  are  but  little  exposed  to  compression,  the  passa^  are  seve- 
rally formed  more  like  a  tube  with  two  trumpet-months,  one  m  each  cell. 
This  IB  just  the  form  which  might  be  expected  where  the  nutritive  fluid 
passes  from  cell  to  cell  in  moderate  currents,  and  not  by  the  violent  rushes 
caused  by  intermittent  pressures.     Of  ccurso  it  is  not  meant  that  in  each 
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It  IS  not  the  aim  of  the  foregoing  reasoning  to  show  that  mechom- 
cnl  actions  are  the  sole  causes  of  the  formation  of  dense  tissue  in 
plants.  Dense  tissue  is  in  many  cases  formed  where  no  such  causes 
have  come  into  play — as,  for  example,  in  thorns  and  in  the  shells  of 
nuts.  Here  the  natural  selection  of  yariations  can  alone  have  ope- 
rated. It  is  manifest,  too,  that  cren  those  supporting  structures  the 
building  up  of  which  is  above  ascribed  to  intermittent  strains,  may, 
in  the  individual  plant  of  a  species  that  ordinarily  has  them,  be  de- 
veloped to  a  great  extent  when  intermittent  strains  are  prevented. 
We  see  this  in  trees  that  are  artificially  supported  by  nailing  to 
waUs ;  and  we  also  see  a  kindred  fact  in  natural  climbers.  Though 
in  these  cases  the  formation  of  wood  is  obvionslv  less  than  it  would 
bo  were  the  seem  and  branches  liabituallv  moved  ubouc  bv  the  wind,  it 
nevertheless  goes  on.  Clearly  the  tendency  of  the  plant  to  repeat  tlie 
{Structure  o£  its  type  (in.tiic  oae  case  the  structure  of  its  species,  aud  in 
the  other  case  that  ot  the  order  from  which  it  has  <liverj^ed  in  bBcom- 
\\\%VL  ciuuher)  Ls  here  ahuost  the  sole  causo  ot  wooil'loriuiiriou.  iiiit 
thou£?ii  in  plants  so  circumstanced  intermitrent  mecimnical  strains  have 
little  or  no  direct  share,  it  mav  sciil  be  true,  and  I  believe  is  true,  tliat 
inr(irniittont  mechanical  strains  arc  the  oriirinal  <*an<«^ :  lor.  ar?-  i)pi'oro 
hinted,  the  typical  structure  wuich  the  individuui  thus  repeats  ure- 
spective  ot  its  own  conditions,  is  mtcrpretable  as  a  typical  structure 
that  is  itself  the  produce  of  these  actions  and  reactions  between  the 
plant  and  its  environment.  Qrant  the  inheritance  of  functionally- 
produced  modifications ;  grant  that  natural  selection  will  always  co- 
operate in  such  way  as  to  favour  those  individuals  and  families  in 
which  functionally-produced  modifications  have  progressed  most  ad- 
vantageously ;  and  it  will  follow  that  thismechanically-cansed  forma- 
tion of  dense  substance,  accumulating  from  generation  to  generation 
by  the  survival  of  the  fittest,  will  result  in  on  organic  habit  ot  form- 
ing dense  tissue  at  tlie  required  places.  The  deposit  arising  from 
exudation  at  the  places  of  greatest  strain,  recurring  from  generation 
to  generation  at  the  same  places,  will  come  to  be  reproduced  in  an- 
ticipation of  strain,  and  will  continue  to  be  reproduced  for  a  long 
tune  after  a  changed  habit  of  the  species  prevents  the  strain— even- 
tually, however,  decreasing,  both  through  functional  inactivity  and 
natural  selection,  to  the  point  at  which  it  is  in  equilibrium  with  tho 
requirement. 

individaal  cell  these  structares  are  determined  bv  these  mechanical  actions. 
The  facts  clearly  negative  any  such  conclusion,  sLowing  us,  as  they  in  many 
cases  do,  that  these  structures  are  assumed  in  advance  of  these  mechanical 
actions.  The  implication  is,  that  such  mechanical  actions  initiated  modifi* 
cations  that  have,  with  the  aid  of  natural  selection,  been  aocnmulated  from 

generation  to  f^eneratiou ;  until,  in  conformity  with  ordinary  embryological 
ws,  the  cells  of  the  parts  exposed  to  such  actions  assume  these  special 
structures  irrespective  of  the  actions — the  actions,  however,  still  aervmg  to 
aid  and  complete  the  assumption  nf  the  iuherited  type. 
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Another  side  of  the  general  question  maj  now  be  considered.  We 
hare  seen  hovr,  by  intermittent  pressures  on  capillary  yessels  and 
dacts  and  inosculating  canals,  there  must  be  produced  a  draught  of 
sap  towards  the  point  of  compression  to  replace  the  sap  squeezed  out. 
But  we  have  still  to  inquire  what  will  be  the  effect  on  the  distribu- 
tion of  sap  throughout  the  plant  aa  a  whole.  It  was  concluded  that 
out  of  the  compressed  vessels  the  greater  part  of  the  liquid  would 
escape  longitnduially — ^the  longitudinal  resistance  to  movement  being 
least.  In  every  case  the  probabilities  are  infinity  to  one  against  the 
resistances  being  equal  upwards  and  downwards.  Always,  then, 
more  sap  will  be  expelled  in  one  direction  than  in  the  other.  But  in 
whichever  direction  least  sap  is  expelled,  from  that  same  direction 
most  sap  will  return  whea  the  vessels  are  relieved  from  pressure — the 
force  which  is  powerful  in  arresting  the  back  current  iu  that  direction 
being  the  same  force  which  is  poweriul  in  ppodudnp^  a  forward  cur- 
rent. Ordinarily,  the  more  abundant  supply  of  liquid  being  from  below, 
there  will  result  an  upward  current.  At  each  bend  a  portion  of  the  con- 
tents will  1)0  squeezed  out  tlirouirli  the  sides  ol  the  vessels — ;i  portion 
will  1)6  squeezed  downwards,  revei-sin^  the  current  ascending  from  the 
roots,  but  soon  stopped  by  its  resistance ;  while  a  larger  portion  will 
^e  ^qucozcd  upwards  towards  the  f^xtremities  of  the  vessels,  where 
consumption  and  loss  are  most  nipid.  At  each  recoil  the  vessels  \iili 
be  replenished,  chiefly  by  the  repressed  upward  correnc ;  and  at  the 
next  bend  more  of  it  will  be  thrust  onwards  than  backwards.  Hence 
we  have  everywhere  in  action  a  kind  of  rude  force-pmnp,  worked  by 
the  wind ;  and  we  see  how  sap  may  thus  be  raised  to  a  height  far 
beyond  that  to  which  it  could  be  raised  by  capillary  action,  aided  by 
osmose  and  evaporation. 

Thus  far,  however,  the  argument  proceeds  on  the  asumption  that 
there  is  liquid  enongh  to  replenish  every  time  the  vessels  subject 
to  this  process.  But  suppose  the  supply  fails — suppose  the  roots 
have  exhausted  the  surrounding  stock  of  moisture.  Evidently  the 
vessels  thus  repeatedly  having  their  contents  squeezed  out  into  the 
surrounding  tissue,  cannot  go  on  retilling  themselves  from  other 
vessels  without  tending  to  empty  the  vascular  system.  On  the  one 
hand,  evaporation  from  the  leaves  causing  a  draught  on  the  capillary 
tubes  that  end  in  them,  continually  generates  a  capillary  tension  up- 
wards ;  while,  on  the  other  hand,  the  vessels  below,  expanding  after 
their  sap  has  been  squeezed  out,  produce  a  tension  both  upwards 
and  downwards  towards  the  point  of  loss.  Were  the  limiting  mem- 
branes of  the  vessels  impermeable,  the  movement  of  sap  would,  under 
these  conditions,  soon  be  arrested.  But  these  membranes  are  perme- 
able ;  and  the  surrounding  tissues  readily  permit  the  passage  of  air. 
This  state  of  tension,  then,  will  cause  an  entrance  of  air  into  the  tabes : 
the  columns  of  liquid  they  contain  will  be  interrupted  by  bubbles. 
It  seems,  indeed,  not  improbable  that  this  entrance  of  air  may  take 
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placo  eren  when  there  is  a  good  supply  of  Uqaid,  if  the  mechanical 
strains  are  so  Tiolent  and  the  exudation  so  rapid  that  the  currents 
cannot  refil  the  half-emptied  vessels  with  sufficient  rapidity.  And  in 
this  case  the  intruding  air  may  possibly  play  the  same  part  as  that 
contained  in  the  air-chamber  of  a  force-pump— tending,  by  moderat- 
ing the  violence  of  the  jets,  and  by  equalizing  the  strains,  to  prevent 
rupture  of  the  apparatus.  Of  course  when  the  supply  of  liquid 
becomes  adequate,  and  the  strains  not  too  violent,  these  bubbles  will 
be  expelled  as  readily  as  they  entered 

Here,  as  before,  let  me  add  the  conclusive  proof  furnished  by  a 
direct  experiment  To  ascertain  the  amount  of  this  propulsive 
action,  I  took  from  the  same  tree,  a  Laurel,  two  equal  shoots,  and 
placing  them  in  the  some  dye,  subjected  them  to  conclitious  that 
were  alike  in  nil  respects  save  that  of  motion :  while  one  remained 
at  rest,  the  other  was  bent  backwards  and  forwards,  now  by  switcli- 
ing  and  now  by  strainiuc^  vrith  the  ilni^crs.  After  the  lapse  of  an 
hour,  I  foimd  that  the  ilve  hud  ascended  the  oscillatini?  shoot  three 
times  as  tar  as  it  had  ascended  the  stationarv  shoot — this  result 

m 

being  an  average  from  several  trials.  Similar  trials  brought  out 
similar  elTocts  in  other  stnu^tnres.  The  various  petioles  and  herba- 
ceous shoots  experimented  upon  for  the  purpose  of  ascertaining  the 
amount  of  exudation  produced  by  transverse  strains,  showed  also 
the  amount  of  longitudinal  movement.  It  was  observable  that  the 
height  ascended  by  the  dye  was  in  all  cases  greater  where  there  had 
been  oscillation  than  where  there  had  been  rest — ^the  difference, 
however,  being  much  less  marked  in  succulent  structures  than  in 
woody  ones. 

It  need  scarcely  be  said  that  this  mechanical  action  is  not  here 
assigned  as  the  sole  cause  of  circulation,  but  as  a  cause  co-operating 
^vith  others,  and  helping  others  to  produce  effects  that  could  not 
otiierwise  be  produced.  Trees  growing  in  conservatories  allord  us 
abundant  proof  that  sap  is  raised  to  considerable  heights  by  other 
forces.  Though  it  is  notorious  that  trees  so  circumstanced  do  not 
thrive  unless,  through  open  sashes,  they  are  frequently  subject  to 
breezes  sufficient  to  make  their  parts  oscillate,  yet  there  is  evidently 
a  circulation  that  goes  on  without  mech&nical  aid.  The  causes  of 
circulation  are  those  actions  only  which  disturb  the  liquid  equilibrium 
in  a  plant,  by  permanently  abstractmg  water  or  sap  from  some  part 
of  it;  and  of  these  the  first  is  the  absorption  of  materials  for  the  for- 
mation of  new  tissue  m  growing  parts ;  the  second  is  the  loss  by 
evaporation,  mainly  through  adult  leaves ;  and  the  third  is  the  loss  by 
extravasation,  through  compressed  vessels.  Only  so  far  as  it  pro- 
duces this  hist,  can  mechanical  strain  be  regarded  as  truly  a  cause  of 
circulation.  All  th^  other  actions  concerned  must  be  classed  as  aids 
to  circulation — ^as  facilitating  that  redistribution  of  liquid  that  con- 
unnally  restores  the  equilibrium  continually  disturbed ;  and  of  these, 
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which,  ifi  the  spiiiig,  while  yet  there  is  no  considerdble  ei^poration 
to  aid  it,  goes  on  with  a  power  which  capillaritj  does  not  explain. 
The  co-operation  of  the  same  two  agencies  is  assignable  for  this  result 
also.*  The  circnmstoncc  that  vessels  and  dncts  here  contain  sap  and 
there  contain  ah*,  and  at  the  same  place  contain  at  different  seasons 
now  air  and  now  sap  is  a  fact  calling  for  explanation.  An  (aEplana<' 
tion  is  furnished  bj  these  mechanical  actions  which  involve  the  en- 
trance or  expulsion  of  air  accordmg  to  the  snpplj  of  liquid.  That 
vessels  and  ducts  which  were  originally  active  sap-carriers  go  com- 
pletely out  of  use,  and  have  their  function  discharged  by  oUicr 
vessels  or  ducta,  is  an  anomaly  that  has  to  be  solved.  Again,  wo 
are  supplied  with  a  solution :  these  deserted  vessels  and  ducts  aro 
those  which,  by  the  formation  of  dense  tissue  outside  of  them,  be- 
come so  circumstanced  that  they  cannot  be  compressed  as  tiiey 
oricfinaily  were.  A  channel  has  to  be  found  for  the  downward 
(current  of  sap,  which,  on  any  ocher  hypothesis  than  the  loregouif^, 
must  be  a  ehanuci  separate  from  that  taken  by  the  upward 
♦Mirrcnt ;  and  yot  no  aood  evidence  of  a  separate  (ihaimel  has  been 
}»oiiite(l  out.  Here,  however,  the  liiiliculty  disiippeara,  since  one 
rhaunel  sutlices  tor  the  current  aitcrnatinj^  upwards  and  downwards 
iificordini)^  to  the  conditions.  Moreover  there  h:is  to  be  I'oimd  a 
."nrce  prociuL-ini^  or  facilitatini^  the  downward  current,  capable  even 
ot  dra\vin!5  sap  out  of  droopino;  branches :  and  no  such  force  is 
forthcoming.  The  hypothesis  set  forth  dispenses  with  this  necessity : 
nnder  the  recurring  change  of  conditions,  the  same  distention  and 
oscillation  which  before  raised  the  sap  to  the  places  of  consumption, 
now  bring  it  down  to  the  places  of  consumption.  A  physical 
process  has  to  be  pointed  out  by  which  the  material  that  forms 
dense  tissue  is  deposited  at  the  places  where  it  is  wanted,  rather 
than  at  other  places.  This  physical  process  the  hypothesis  In- 
dicates. It  is  requisite  to  find  an  explanation  of  the  fact  that, 
when  plants  ordinarily  swayed  about  by  the  wind  are  i^ro^vn  indoors, 
the  formation  of  wood  is  so  much  diminished  that  they  become  abnor- 
mally slender.     Of  this  an  explanation  is  supplied.     Yet  a  further 

*  It  seems  probable,  however,  that  osmotic  distention  is  here,  especially, 
the  more  important  of  the  two  factors.  The  rising  of  the  sap  in  spnng  may 
indirectly  result,  like  the  sprouting  of  the  seed,  m>m  the  tnnaformation  of 
starch  into  suffar.  Daring  germination,  this  change  of  an  ozy-hydro-earbon 
from  an  insoluble  into  a  solable  form,  leads  to  rapid  endoemose;  eon- 
seqaently  to  great  distention  of  the  seed ;  and  therefore  to  a  force  which 
thrusts  the  contained  liquids  into  the  plomnle  and  radicle,  and  gives  them 
power  to  displace  the  sod  in  their  way :  it  sets  up  an  active  intcnial  move* 
ment  when  neither  evaporation  nor  the  change  which  light  produces  can  be 
operative.  And  similarly,  if,  in  the  spring,  the  starch  stored  up  in  the 
roots  of  a  tree  lyasses  into  the  form  of  sugar,  the  unusual  osmotic  absorption 
that  arises  will  cause  an  unusual  distention — a  distention  which,  beinff 
resisted  by  the  tough  bark  of  the  roots  and  stem,  will  result  in  a  powerftu 
upward  thrust  of  the  contained  liquid. 
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fiict  to  be  mterpreted  is,  that  in  the  same  indiridnal  phmt  homologoas 
ports,  which,  according  to  the  type  of  the  plant,  should  be  equally 
woody,  become  much  thicker  one  than  another  if  subject  to 
greater  mechanical  stress.  And  of  this  too  an  interpretation  is 
similarly  afforded. 

Now  the  sufficiency  of  the  assigned  actions  to  account  for  so  many 
phenomena  not  otherwise  explained,  would  be  strong  evidence  that 
the  rationale  is  the  true  one,  even  were  it  of  a  purely  hypothetical 
kind.  How  strong,  then,  becomes  the  reason  for  belieying  it  the 
true  one  when  we  remember  that  the  actions  alleged  demonstrably  go 
on  in  the  way  asserted.  They  are  erer  operating  before  our  eyes; 
and  that  they  produce  the  effects  in  question  is  a  conclusion  dedu- 
cible  from  mechanical  principles,  a  conclusion  esta1)lished  by  induction, 
and  a  conclDsiou  verified  by  experiment.  These  tiiree  orders  of 
proof  may  be  briefly  summed  up  as  follows. 

That  plaucs  which  have  to  raise  themselves  above  the  earth's  sur- 
face, and  to  withstand  the  actions  of  the  wiud,  must  have  a  power  ol 
(levelopincf  supporting  structure,  is  an  a  priori  conclusion  which  may 
l>e  saiely  drawn.  It  is  un  equally  sate  u  prim-i  conclubion.  that  it 
the  supporting  structure,  either  as  a  whole  or  in  any  of  its  parts,  hns 
10  udupt  itself  to  the  particular  strains  which  the  nidividual  plant  is 
subject  to  by  its  particular  circumstances,  there  must  be  at  work 
some  process  by  which  the  strength  of  the  supporting  structure  i? 
everywhere  brought  into  equilibrium  with  the  forces  it  has  to  bear. 
Though  the  typical  distribution  of  supporting  structure  in  each  kind 
of  plant  may  be  explained  teleologically  by  those  whom  teleological 
explanations  satisfy ;  and  though  otherwise  this  typical  distribution 
may  be  ascribed  to  natural  selection  acting  apart  from  any  directly 
adaptive  process ;  yet  it  is  manifest  that  those  departures  from  the 
typical  distribution  which  fit  the  parts  of  each  plant  to  their  special 
conditions  are  explicable  neither  teleologically  nor  by  natural  selec- 
tion. We  are.  therefore,  compelled  to  admit  that,  if  in  each  plant 
there  goes  on  a  balaacing  of  the  particular  strains  by  the  particular 
strengths,  there  most  be  a  physical  or  physico-chemical  process  by 
which  the  adjustments  of  the  two  are  effected.  Meanwhile  we  are 
equally  compelled  to  admit,  hpriori^  that  the  mechanical  actions  to  be 
resisted,  themselves  affect  the  internal  tissues  in  such  way3  as  to  fur- 
ther the  increase  of  that  dense  substance  by  which  they  are  resisted. 
It  is  demonstrable  that  bending  the  petioles,  shoots,  and  stems  must 
compress  the  vessels  beneath  their  stuiaces,  and  increase  the  exuda- 
tion of  nutritive  matters  from  them,  and  must  do  this  actively  in  pro- 
portion as  the  bends  are  great  and  frequent ;  so  that  while,  on  the 
one  hand,  it  is  a  necessary  deduction  that,  if  the  parts  of  each  plant 
are  to  be  severally  strengthened  according  to  the  several  strains, 
there  must  be  some  direct  connexion  between  strains  and  strengths, 
it  is,  on  the  other  hand,  a  necessary  deduction  from  mechanicol  prin- 


55C 

for  sap  wiQ,  other  things  being  eqnal,  cause  currents  towards  the 
most  rapidlf-growing  parts — towards  unfolding  shoots  and  leaves, 
bat  not  towards  adalt  leares.  Nest  we  hare  evaporation,  acting 
more  on  the  adalt  leaves  than  on  those  which  are  in  the  bud, 
or  bat  partially  developed.  This  evaporation  is  both  regalarly 
and  irregnlarly  intermittent.  Depending  chiefly  on  the  action 
of  the  sun,  it  is,  in  fine  weather,  greatly  checked  or  wholly 
aiTested  every  evening;  and  in  cloudy  weather  must  be  much 
retarded  daring  the  day.  Further,  every  hygrometric  variation, 
as  well  as  every  variation  in  the  movement  of  the  air,  must 
vary  the  evaporation.  This  chief  action,  therefore,  which,  by  con- 
tinually empt3nng  the  ends  of  the  capillary  tubes,  makes  upward 
currents  possible,  is  one  which  intermits  every  nii^ht,  and  every  day 
is  strong  or  feeble  as  circumstances  determine.  Then,  in  the  third 
place,  we  have  this- rude  pumping  process  above  described,  going  on 
with  greater  vigour  when  the  wind  is  violent,  and  with  less 
viiroiir  when  it  is  *rentle  —  drawing  liquid  towarth  different 
]i:irts  according  to  their  degrees  of  oscillation,  :ind  from  diffe- 
rent parts  according  as  they  can  most  readily  furnish  it.  And 
now  let  us  ask  what  must  result  nnder  rhansrincr  cnniiitifiiis  from 
these  variousiy-condieting  and  conspiring  forces.  When  a  warm 
sunshine,  causing  rapid  evaporation,  is  emptying  tiie  vessels  of  the 
leaves,  the  osmotic  and  capillary  actions  that  refill  them  will  be 
continually  aided  by  the  pumping  action  of  the  swaying  petioles, 
twigs,  and  branches,  provided  their  oscillations  are  moderate.  Under 
these  conditions  the  current  of  sap,  moving  in  the  direction  of  least 
resistance,  will  set  towards  the  leaves.  But  what  wiU  happen  when 
the  sun  sets?  There  is  now  nothing  to  determine  currents  either 
upwards  or  downwards,  except  the  relative  rates  of  growth  in  the 
parts  and  the  relative  demands  set  up  by  the  oscillations ;  and  the 
oscillations  acting  alone,  will  draw  sap  to  the  oscillating  parts  as 
much  from  above  as  from  below.  If  the  resistance  to  be  overcome 
by  a  current  setting  back  from  the  leaves  is  less  than  the  resistance 
to  be  overcome  by  a  current  setting  up  from  the  roots,  then  a 
current  will  set  back  from  the  leaves.  Now  it  is,  I  think,  tolerably 
manifest  that  in  the  swaying  twigs  and  minor  branches,  less  force 
will  be  required  to  overcome  the  inertia  of  the  short  columns  of 
'  liquid  between  them  an^  the  leaves  than  to  overcome  the  inertia  of 
the  long  columns  between  them  and  the  roots.  Hence  during  the 
night,  as  also  at  other  times  when  evaporation  is  not  going  on,  the 
sap  will  be  drawn  out  of  the  leaves  into  the  adjacent  supporting 
parts ;  and  their  nutrition  will  be  increased.  If  the  wind  is  strong 
enough  to  produce  a  swaying  of  the  thicker  branches,  the  back 
current  will  extend  to  them  also ;  and  a  further  strengthening  will 
result  from  their  absorption  of  the  elaborated  sap.  And  when  the 
great  branches  and  the  stem  are  bent  backwards  and  forwards  by  a 
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Tessels-— at  first  bj  tho  spiral  or  aDied  ressda  originallj  deroloped, 
and  then  bj  the  better-placed  dncts  formed  later.  Bj  experimeut 
it  is  demonstrated  that  the  intermittent  compressions  caused  by  os- 
cilkitions  nrge  the  sap  along  the  ressels  and  dncts.  And  it  is  also  ex- 
perimentally proved  that  the  same  intermittent  compressions  produce 
exudation  of  sap  from  vessels  and  ducts  into  the  surrounding  tissue. 
That  the  processes  here  described,  acting  through  all  past  time, 
have  sufficed  of  themselves  to  dcvelope  the  supporting  and  distribnt* 
ing  structures  of  plants,  is  not  alleged.  What  share  the  natural 
selection  of  variations  distinguished  as  spontaneous,  has  had  in  estab- 
lishing them,  is  a  question  which  remains  to  be  discussed.  Whether 
acting  alone  natural  selection  would  have  sufficed  to  evolve  these 
vascular  and  resisting  tissues,  I  do  not  profess  to  say.  That  it  has 
l)een  a  co-operating  cause,  I  take  to  be  seii-evidcut :  it  must  all  aiotv^ 
have  furthered  the  uction  of  any  other  cause,  by  preserving  the  in- 
dividuals on  which  such  other  cause  had  acted  most  lavouniblv. 
Seeinir,  however,  tiie  conclusive  proof  wliich  we  have  that  another 
cause  has  beeu  m  ucLion— <:ertaiuly  ou  individuals,  and,  in  ail  i)roi>a- 
i)ility,  by  inheritance  ou  races — we  may  most  piiiioMjphicaiiy  asoribi* 
the  irenesis  of  these  internal  structures  ro  this  cause,  and  rw^aru 
uutui-al  selection  aa  having  here  iilaycd  the  pnrt  of  an  aircclcrator. 


EXPLANATION    OF    PLATE. 
Fig.  1.  Absorbent  organ  from  the  leaf  of  Euphorbia  neriifolia. 
The  cluster  of  fibrous  cells  forming  one  of  the  termmations  of  the 
vascular  system  is  here  imbedded  in  a  solid  parenchyma. 

Fig.  2.  A  structure  of  analogous  kind  from  the  leaf  of  Fiats 
elastica.  Here  the  expanded  terminations  of  the  vessels  are  im- 
bedded m  the  network  parench}ina,  the  cells  of  which  unite  to  form 
envelopes  for  them. 

Fig.  3.  Shows  on  a  larger  scale  one  of  these  absorbents  from 
the  leaf  of  Panax  Lcssonii.  in  this  figure  is  clearly  seen  the  way  in 
which  tho  cells  of  the  network  parenchyma  unite  into  a  closely- fitting 
case  for  the  spiral  cells. 

Fig.  4.  Represents  a  m  uch  more  massive  absorbent  from  the  same 
leaf,  the  surrounding  tissues  being  omitted 

Fig.  5.  Smiilarly  represents,  without  its  sheatl^  an  absorbent  from 
the  1^  of  Clusiajiava. 

Fig.  6.  End  view  of  an  absorbent  organ  from  the  root  of  a 
Turnip.  It  is  taken  from  the  outeimost  layer  of  vessels.  Its  funnel- 
shaped  interior  is  drawn  as  it  presents  itself  when  looked  at  from  the 
outside  of  this  layer,  its  narrow  end  being  directed  towards  the 
centre  of  the  Turnip. 

Fig.  7  A  longitudinal  section  through  the  axis  of  another  such 
organ,  showing  its  annuli  of  reticulated  cells  when  cut  through.  The 
cellular  tissue  wluch  fills  the  interior  is  supposed  to  be  removed. 
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APPENDIX  D. 


ON  THE  ORIGIN  OP  THE  VERTEBRATE  TYPE. 

[Tr//C7i  atiuhfing  the  development  of  the  vertebrate  skeleton,  there 
occurred  to  vie  the  following  idea  respecting  tlie  possible  oriyia  of  the 
notochord,  I  teas  evcntuaih/  led  to  omit  the  few  pages  of  Appendix  in 
V'hich  I  had  rxprrss^d  fhi^  iiha,  hrcnitse  if  7rns  Vfisi/ppnrtrd  hf/  dcvchp' 
mental  evidence.  The  dct't/opnirn/al  evidence  recmdtj  dlacovcvejL  iiow^ 
ever,  has  led  Professor  [[aevLcl  and  others  to  an(do4ious  vieirs  irspccttfi;/ 
the  nrfdiation  or'  the  VertebraTxi  on  the  MoIIuscoitb..  ITarinn  jbrtii- 
natriu  prr,servtfi  a  pr'jttf  nf  the  .^unpttssul  pu-jes,  I  tini  aule  u*no  ,o 
add  them.  With  the  omi.sftion  oj  a  iiupcrfuous  parufp-aphj  then  arc 
reprinted  verbatim  from  t/ns  proof,  which  dates  back  to  the  autumn  of 
1865,  at  which  time  the  chapter  on  "The  Shapes  of  Vertebrate 
Skeletons*'  teas  tcHtten. — December,  1869.] 

The  general  argument  contained  in  Chap.  XYI.  of  Part  IT.,  I 
hare  thought  it  nndesirable  to  implicate  v/ith  any  conception  more 
specnlatire  than  those  essential  to  it ;  and  to  avoid  so  implicating 
it,  I  transfer  to  this  place  an  hypotlicsis  respecting  the  derivation 
of  the  rudimentary  vertebrate  structarc,  which  appears  to  me 
worth  considering. 

Among  those  molhiscoid  animals  with  which  the  lowest  verte- 
brate animal  has  snndrj  traits  in  common,  it  very  generally  happens 
that  while  the  adnlt  is  stationary  the  larva  is  locomotive.  The 
locomotion  of  the  larva  is  effected  by  the  nndnlations  of  a  tail.  In 
shape  and  movement  one  of  these  yonng  Ascidians  is  not  altogether 
unlike  a  Tadpole.  And  as  the  tail  of  the  Tadpole  disappears 
:  when  its  function  comes  to  be  fulfilled  by  limbs ;  so  the  Ascidiuu 
larva's  tail  disappears  when  fixation  of  the  larva  renders  it  useles^j. 
This  disappearance  of  the  tail,  however,  is  not  without  exception. 
The  Appendicularia  is  an  Aseidian  which  retains  its  tail  through* 
out  life ;  and  by  its  aid  continues  throughout  life  to  swim  about 
Now  this  tail  of  the  Appendtctdatia  has  a  very  suggestive  structure. 
It  is  long,  tapering  to  a  point,  and  flattened.  From  end  to  end 
there  runs  a  mid-rib,  which  appears  to  be  an  imbedded  gelatinous 
rod,  not  unlike  a  notochord.    Extending  along  the  two  sides  of 
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office,  in  thd  common  Turnip-root.  As  shown  by  the  end  i-few 
and  longitudinal  section  in  figs.  6  and  7,  this  organ  consists  of 
rings  of  fenestrated  cells,  arranged  with  varying  degrees  of  regn* 
larity  into  a  funnel,  ordinarily  having  its  apex  directed  towards  the 
central  mass  of  the  Turnip,  with  which  it  has,  in  some  cases  at  least, 
a  traceable  connexion  by  a  canal.  Presenting  as  it  does  an  external 
porous  surface  terminatmg  one  of  the  branches  of  tlie  rascular  sys- 
tem, each  of  these  organs  is  well  fitted  for  taking  up  with  n^)idity 
the  nutriment  laid  by  in  the  Turnip-root,  imd  used  by  the  plant 
when  it  sends  np  its  flower-stalk.  Nor  does  eren  this  exhaust  the 
analogies.  The  cotyledons  of  the  young  bean,  experimented  upon 
as  before  described,  furnished  other  examples  of  such  stmctnreSy 
exactly  in  the  places  where,  if  they  are  absorbents,  we  might 
expect  to  find  them.  Amid  the  brandlings  and  inosculations  of  the 
Tnscular  layer  running  through  the  mass  of  nutriment  deposited  in 
pach  cotyledon,  there  are  conspicnons  free  terminations  that  are  ciub- 
^liaped.  and  prove  to  be  composed,  like  those  in  leaves,  oi  irregularly 
formed  and  clustered  fibrous  cells:  nnd  some  of  them,  divcnring 
from  the  plane  of  the  vascular  layer,  dip  down  into  the  mass  of 
srarch  and  albumen  which  the  younc;  plant  has  to  utilize,  and  which 
♦h'>«5o  <!tracTnrpi«  ran  have  no  other  function  but  to  take  np. 

Besides  beinor  so  well  fitted  for  absorption,  and  besides  being 
similar  to   organs   which  we   cannot   doubt  are  absorbents,  these 
vascular  terminations  in  leaves  afford  us  yet  another  evidence  of  their 
functions.    They  are  seated  in  a  tissue  so  arranged  as  specially  to 
facilitate  the  abstraction  of  liquid.    The  centripetal  movement  of  the 
sap  must  be  set  np  by  a  force  that  is  compai*atively  feeble,  since,  the 
parietes  of  the  dncts  being  porous,  air  will  enter  if  the  tension  on  the 
conttuned  columns  becomes  considerable.    Hence  it  is  needful  that 
the  exit  of  sap  from  the  leaves  should  meet  with  very  little  resistance. 
Xow  were  it  not  for  an  adjustment  presently  to  be  described,  it  would 
meet  with  crreat  resistance,  notwithstanding  the  peculiar  fitness  of 
these  organs  to  take  it  in.     Liquid  cannot  be  drawn  out  of  any 
closed  cavity  without  producing  a  collapse  of  the  cavity's  sides; 
and  if  its  sides  are  not  readily  collapsible,  there  must  be  a  corre- 
sponding resistance  to  the  abstraction  of  liqm'd  from  it    Clearly  the 
like  must  happen  if  the  liquid  is  to  be  drawn  out  of  a  tissue  .which 
cannot  either  diminish  in  bulk  bodily  or  allow  its  components  indi- 
vidually to  diminish  in  bulk.    In  an  ordinary  leaf,  the  upper  layer  of 
parenchyma,  formed  as  it  is  of  closely-packed  cells  that  are  without 
interspaces,  and  are  everywhere  held  fast  within  their  framework  of 
veins,  can  neither  contract  easily  as  a  mass,  nor  allow  its  separate 
cells  to  do  so.    Quite  otherwise  is  it  with  the  network-parenchyma 
below.    The  long  cells  of  this,  united  merely  by  their  ends  and 
having  their  flexible  sides  surrounded  by  air,  may  severally  have 
their  contents  considerably  increased  and  decreased  without  offering 
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appreciable  resistances ;  and  the  network-tissue  which  they  form  will, 
at  the  same  time,  be  capable  of  undergoing  slight  expansions  and  con* 
tractions  of  its  thickness.  In  this  layer  occur  these  organs  that  are  so 
obviously  fitted  for  absorption.  Here  we  find  them  in  direct  communica- 
tion with  its  system  of  collapsible  cells.  The  probability  appears  to  be, 
that  when  the  current  sets  into  the  leaf,  it  passes  through  the  vessels 
and  their  sheatlis  chiefly  into  the  upper  layer  of  cells  (this  upper 
layer  having  a  larger  surface  of  contact  with  the  veins  than  the 
lower  layer,  and  being  the  scat  of  more  active  processes)  ;  and  that 
the  juices  of  the  upper  layer,  enriched  by  the  assimilated  matters, 
pass  into  the  network  parenchyma,  which  serves  as  a  reservoir  from 
which  they  arc  from  time  to  time  drawn  for  the  nutrition  of  the  rest 
of  the  plant,  when  the  actions  dotemiine  tlie  downward  current. 
Should  it  be  asked  what  happens  where  the  absorbents,  instead  of 
beinq:  inserted  in  a  network  parenchyma,  are.  as  in  the  leaves  oc 
Kuyhorhia  nerii/olia,  inserted  in  a  solid  parenchyma,  tlie  reply  i:«, 
that  such  a  I):lrcn(.•il^^ua,  thoiiirh  not  furnlrjhod  with  irvstcmarioallv 
arnmired  air-rhambci-s,  nevertiielesc)  contaiiLs  air  in  its  uiterceilular 
spaces ;  and  tliat  when  there  occurs  a  drauccht  upon  its  content?, 
the  expansion  of  this  air  and  the  entrance  of  more  from  without. 
<iuiciviy  jjiipply  ihe  [>uice  of  the  aijsLractcU  liquid. 

If  then,  rcturniiii^  to  the  general  ari^nment,  we  conclude  that  these 
expanded  terminations  of  the  vascular  system  in  leaves  are  absorbent 
organs,  we  find  a  further  confirmation  of  the  views  set  forth  respect- 
ing the  alternating  movement  of  the  sap  along  the  same  channels. 
These  spongioles  of  the  leaves,  like  the  spongioles  of  the  roots,  being 
appliances  by  which  liquid  is  taken  up  to  be  carried  into  the  mass  of 
the  plant,  we  are  obliged  to  regard  the  vessels  that  end  in  these 
spongioles  of  the  leaves  as  being  the  channels  of  the  down  current 
whenever  it  is  produced.  If  the  elaborated  sap  is  abstracted  from 
the  leaves  bv  these  absorbents,  then  we  have  no  alternative  but  to 
suppose  that,  having  entered  the  vascular  system,  the  elaborated  sap 
descends  through  it.  And  seeing  how,  by  the  help  of  these  special 
terminations,  it  becomes  possible  for  the  some  vessels  to  carry  back 
a  quality  of  sap  unlike  that  which  they  bring  up,  we  are  enabled  to 
understand  tolerably  well  how  this  rhythnucfd  movement  produces  a 
downward  transfer  of  materials  for  growth. 

The  several  lines  of  argument  may  now  be  brought  together ;  and 
along  vrith  them  may  be  woven  up  such  evidences  as  remain.  Let 
me  first  point  out  the  vm'iety  of  questions  to  which  the  hypothesis 
supplies  answers. 

It  is  required  to  account  for  the  ascent  of  sap  to  a  height  beyond 
that  to  which  capillary  action  can  raise  it.  This  ascent  is  accounted 
for  by  the  propulsive  action  of  transverse  strains,  joined  with  that  of 
osmotic  distention.    A  cause  has  to  be  assigned  for  that  rise  of  sap 
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trhich,  iti  tbe  spring,  while  yet  there  is  no  considemble  eyftparatfon 
to  aid  it,  goes  on  with  a  power  which  capiliaritj  does  not  explain* 
The  co-operation  of  the  same  two  agencies  is  assignable  for  this  result 
also.*  The  circomstancc  that  vessels  and  ducte  here  contain  sap  and 
there  contain  air,  and  at  the  same  place  contaia  at  different  seasons 
now  air  and  now  sap  is  a  fact  calling  for  explanation.  An  csEplana-' 
tion  is  furnished  by  these  mechanical  actions  which  inyolre  the  en^ 
trance  or  expulsion  of  air  according  to  the  supply  of  liquid.  That 
vessels  and  ducts  which  were  originally  active  sap-carriers  go  com^ 
pletely  out  of  use,  and  have  their  function  discbai^ed  by  other 
vessels  or  ducts,  is  an  anomaly  that  has  to  be  solved.  Again,  wc 
are  supplied  with  a  solution :  these  deserted  vessels  and  ducts  aro 
those  which,  by  the  formation  of  dense  tissue  outside  of  them,  be* 
<*omc  so  circumstanced  that  they  cannot  be  compressed  as  tiioy 
oriorinallv  were.  A  channel  has  to  be  found  for  the  downward 
current  of  sap,  which,  on  any  other  hypothesis  thau  the  foregoing, 
must  be  a  chauuci  separate  from  that  taken  by  the  upward 
«'nrrpnt ;  and  yot  no  aood  evidence  of  a  sepanite  (tliaimel  has  been 
])ointed  out.  Here,  however,  the  difliculty  disappears,  since  one 
channel  sutiices  for  the  current  alternating^  upwards  and  downwards 
a(!cordinfif  to  the  conditions.  Moreover  there  hsis  to  be  found  a 
."nrcc  producirii^  or  faciiitatini^  the  downward  curreni,  capable  even 
of  drawinj^  sap  out  of  drooping  branches :  and  no  such  force  i* 
forthcoming.  The  liypothesis  set  forth  dispenses  witii  this  necessity : 
under  the  recurring  change  of  conditions,  the  same  distention  and 
oscillation  which  before  raised  the  sap  to  the  places  of  consomption, 
now  bring  it  down  to  the  places  of  consumption.  A  physical 
process  has  to  be  pointed  out  by  which  the  material  that  forms 
dense  tissue  is  deposited  at  the  places  where  it  is  wanted,  rather 
than  at  other  places.  This  physical  process  the  hypothesis  in- 
dicates. It  is  requisite  to  find  an  explanation  of  the  fact  that, 
when  plants  ordinarily  swayed  about  by  the  wind  are  grown  indoors, 
the  formation  of  wood  is  so  much  diminished  that  they  become  abnor- 
mally slender.     Of  this  an  explanation  is  supplied.     Yet  a  further 

*  It  seems  probable,  however,  that  osmotic  distonkion  is  here,  especially, 
the  more  important  of  the  two  factors.  The  rising  of  the  sap  in  sprmg  may 
indirectly  r^olt,  like  the  sprouting  of  the  seed,  from  the  tnnsformation  of 
starch  into  sngar.  Daring  germination,  this  change  of  an  ozy-hydro-carboa 
from  an  insoluble  into  a  soluble  form,  leads  to  rapid  endounose;  con- 
sequently to  great  distention  of  the  seed  ;  and  therefore  to  a  force  which 
thrusts  the  contained  lic^uids  into  the  plumule  and  radicle,  and  gives  them 
power  to  displace  the  soil  in  their  way :  it  sets  up  an  active  internal  move- 
ment when  neither  evaporation  nor  the  change  which  li^ht  produces  can  be 
operative.  And  similarly,  if,  in  the  spring,  the  starch  stored  up  in  the 
roots  of  a  tree  passes  into  the  form  of  sugar,  the  unusual  osmotic  aosoiption 
that  arises  wiU  cause  an  unusual  distention — a  distention  which,  beine 
resisted  by  the  tough  bark  of  the  roots  and  stem,  will  result  in  a  powerful 
upward  thrust  of  the  contained  liquid. 


568 

fact  to  be  interpreted  is,  that  in  the  same  individnal  plant  homologoos 
ports,  which,  according  to  the  type  of  the  plant,  should  be  equally 
woody,  become  much  thicker  one  than  another  if  subject  to 
greater  mechanical  stress.  And  of  this  too  on  interpretation  is 
similarly  afforded. 

Now  the  sufiEiciency  of  the  assigned  actions  to  account  for  so  many 
phenomena  not  otherwise  explained,  would  be  strong  evidence  that 
the  rationale  is  the  true  one,  even  were  it  of  a  purely  hypothetical 
kind.  How  strong,  then,  becomes  the  reason  for  believing  it  the 
true  one  when  we  remember  that  the  actions  alleged  demonstrably  go 
on  in  the  way  asserted.  They  are  ever  operating  before  our  eyes; 
and  that  they  produce  the  effects  in  question  is  a  conclusion  dedn- 
cible  from  mechanical  principies,  a  conclusion  established  by  induction, 
and  a  conclusion  veriiied  by  experiment.  These  tlu*ee  orders  of 
proof  may  be  briefly  summed  up  as  follows. 

That  plants  which  have  to  raise  themselves  above  the  earth's  sur- 
face, and  to  withstnnd  the  actions  of  the  wiuci,  must  have  a  power  ol 
(ieveloping  supponiiiij  structure,  is  an  a  priori  conclusion  which  may 
he  saieiy  drawn.  It  is  an  equally  safe  ti  pri(yri  conclusion,  that  it 
the  supportinj^  structure,  either  as  a  whole  or  in  any  of  its  parts,  has 
10  adapt  itself  to  the  particular  strains  which  the  individual  plant  is 
subject  to  Ijy  its  particular  circumstances,  there  must  be  at  work 
some  process  by  which  the  strength  of  the  supporting  structure  i? 
everywhere  brought  into  equilibrium  with  the  forces  it  has  to  bear. 
Though  the  typical  distribution  of  supporting  structure  in  each  kind 
of  plant  may  be  explained  teleologically  by  those  whom  teleological 
explanations  satisfy ;  and  though  other^nse  this  typical  distribution 
may  be  ascribed  to  natural  selection  actmg  apart  from  any  directly 
adaptive  process ;  yet  it  is  manifest  that  those  departures  from  the 
typical  distribution  which  fit  the  parts  of  each  plant  to  their  special 
conditions  are  explicable  neither  teleologically  nor  by  natural  selec- 
tion. We  are,  therefore,  compelled  to  admit  that,  if  in  each  plant 
there  goes  on  a  balancing  of  the  particular  strains  by  the  particular 
strengths,  there  must  be  a  physical  or  physico-chemical  process  by 
which  the  adjustments  of  the  two  are  effected.  Meanwhile  we  ore 
equally  compelled  to  admit,  dprioriy  that  the  mechanical  actions  to  be 
resisted,  themselves  affect  the  mtemol  tissues  in  such  way3  as  to  fur- 
ther the  increase  of  that  dense  substance  by  which  they  are  resisted. 
It  is  demonstrable  that  bending  the  petioles,  shoots,  and  steins  must 
compress  the  vessels  beneath  their  siu-f aces,  and  increase  the  exuda- 
tion of  nutritive  matters  from  them,  and  must  do  this  actively  in  pro- 
portion es  the  bends  are  great  and  frequent ;  so  that  while,  on  the 
one  hand,  it  is  a  necessary  deduction  that,  if  the  parts  of  each  plane 
are  to  be  severally  strengthened  according  to  the  several  strains, 
there  must  be  some  direct  connexion  between  strains  and  strengths, 
it  is,  on  the  other  hand,  a  necessary  deduction  from  mechanical  prin« 
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clples  that  the  strains  do  act  in  snch  ways  as  to  aid  the  increase  of 
the  strengths.  How  a  like  correspondence  between  two  H  priori 
argmnents  holds  in  the  case  of  the  circnlation,  needs  not  to  be  shown 
in  detaiL  It  will  suffice  to  remind  the  reader  that  while  the 
raising  of  sap  to  heights  beyond  the  limit  of  capillarity  implies  some 
force  to  effect  it,  we  have  in  the  osmotic  distention  and  the  intermit- 
tent compressions  cansed  by  transverse  strains,  forces  which,  under 
the  conditions,  cannot  but  tend  to  effect  it ;  and  similarly  with  the  re- 
quirement for  a  downward  current,  and  the  production  of  a' down- 
ward current. 

Among  the  inductive  proofs  we  find  a  kindred  agreement.  Diffe- 
rent individuals  of  the  same  species,  and  different  parts  of  the  same 
individual,  do  strengthen  in  different  degrees ;  and  there  is  a  clearly 
traceable  connexion  between  their  strengthenings  and  the  intermitt^t 
strains  they  are  exposed  to.  Tliis  evidence,  derived  from  contrasts 
between  growths  on  the  same  plant  or  on  plants  of  the  same  type,  is 
eniorced  by  evidence  derived  from  contrasts  between  plants  of  diffe- 
rent types.  The  deficiency  of  woody  tissue  which  we  see  in  plants 
I'aiied  succulent,  is  accompanied  by  a  buikiness  of  the  ports  which 
prcveuts  any  considerable  oscillations ;  and  this  character  is  also  habi- 
tually accompttuied  by  a  dwarfed  growth.  When,  leaving  these  rela- 
tioiis  as  displayed  externally,  we  «xainine  thorn  interna lly,  wo  tmd 
the  facts  uniting  to  show,  by  their  agreements  and  differences,  tlia: 
between  the  compression  of  the  sap-canals  and  the  production  oi 
wood  there  is  a  direct  relation.  We  have  the  facts,  that  la  eacli 
plant,  and  in  every  new  part  of  each  plant,  the  formation  of  sap- 
canals  precedes  the  formation  of  wood;  that  the  deposit  of  wood} 
matter,  when  it  begins,  takes  place  around  these  sap-canals,  ani 
afterwards  around  the  new  sap-canals  successively  developed;  that 
this  formation  of  wood  around  the  sap-canals  takes  pbce  where  thf 
coats  of  the  canals  are  demonstrably  permeable,  and  that  the  amouni 
of  wood-formation  is  proportionate  to  the  permeability.  And  thee 
that  the  permeability  and  extravasation  of  sap  occur  wherever,  in 
the  individual  or  in  the  type,  there  are  intermittent  compressions,  is 
proved  alike  by  ordinary  cases  and  by  exceptional  cases.  In  the 
one  class  of  cases  we  see  that  the  deposit  of  wood  round  the  vessels 
begins  to  take  place  when  they  come  into  positions  that  subject 
ihem  to  intermittent  compressions,  'ulule  it  ceases  when  they  become 
shielded  from  compressions.  And  in  the  other  class  of  cases,  where, 
frotn  the  beginning,  the  vessels  are  shielded  from  compression  by  snr- 
rounding  fleshy  tissue,  there  is  a  permanent  absence  of  wood-forma- 
tion. 

To  which  complete  agreement  between  the  deductive  and  induc- 
tive Inferences  has  to  be  added  the  direct  proof  supplied  by  experi- 
ments. It  is  put  beyond  doubt  by  experiment  that  the  liquids  ab- 
sorbed by  plants  are  distributed  to  their  different  parts  throngh  theii 
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Tessels — at  first  bj  tho  spiral  or  allied  vessels  originallj  developed, 
and  then  hj  the  better-placed  ducts  formed  later.  By  experiment 
it  is  demonstrated  that  the  intermittent  compressions  caused  bj  os- 
cillations orge  the  sap  along  the  vessels  and  dacts.  And  it  is  also  ex- 
perimentally proved  that  the  some  intermittent  compressions  produce 
exudation  of  sap  from  vessels  and  ducts  into  the  surrounding  tissue. 
That  the  processes  here  described,  acting  through  all  post  time, 
have  sufficed  of  themselves  to  dcvelope  the  supporting  and  distribut- 
ing structures  of  plants,  is  not  alleged.  What  share  the  natural 
selection  of  variations  distinguished  as  spontaneous,  has  hod  in  estab- 
lishing them,  is  a  question  which  remains  to  be  discussed.  Whether 
acting  alone  natural  selection  would  have  sufficed  to  evolve  these 
vascular  and  resisting  tissues,  I  do  not  profess  to  say.  That  it  has 
been  a  co-operaiing  cause,  I  talie  to  be  self-evident :  it  must  all  aiong 
have  furthered  the  action  of  any  other  cause,  by  preserving  the  in- 
dividuals on  which  such  other  cause  had  acted  most  favourablv. 

« 

SecMiijr,  however,  the  conclusive'  proof  whicli  we  have  that  another 
cause  has  been  m  ucLion— <jcrtaiuly  ou  individual  and,  in  all  proba- 
l»ility,  by  iuheritauce  on  races — we  may  most  piiiiosophicaily  ascribe 
tiie  ij:enesis  of  these  internal  structures  to  this  cause,  and  regard 
uatui-ai  selection  as  having  here  played  the  prirt  of  an  a<;cclenUor. 


EXPLANATION    OF    PLATE. 
Fig.  1.  Absorbent  organ  from  the  leaf  of  Evphorhia  neriifoUa. 
The  cluster  of  fibrous  cells  forming  one  of  the  terminations  of  the 
vascular  system  is  here  imbedded  in  a  solid  parenchyma. 

Fig.  2.  A  structure  of  analogous  kmd  from  the  leaf  of  Fiats 
elastica.  Here  the  expanded  terminations  of  the  vessels  are  un- 
bedded  m  the  network  parenchyma,  the  cells  of  which  unite  to  form 
envelopes  for  them. 

Fig.  3.  Shows  ua  a  larger  scale  one  of  these  absorbents  from 
the  leaf  of  Panax  Lessonii.  in  this  figure  is  cleariv  seen  the  wav  in 
which  tho  cells  of  the  network  parenchyma  unite  into  a  closely- fitting 
case  for  the  spiral  cells. 

Fig.  4.  Represents  a  m  nch  more  massive  absorbent  from  the  same 
leaf,  the  surrounding  tissues  bemg  omitted. 

Fig.  5.  Sunilarly  represents,  without  its  sheatli,  im  absorbent  from 
the  1^  of  Clusiajiava. 

Fig.  6.  End  view  of  an  absorbent  organ  from  the  root  of  a 
Turnip.  It  is  taken  from  the  outermost  layer  of  vessels.  Its  funnel- 
shaped  interior  is  drawn  as  it  presents  itself  when  looked  at  from  the 
outside  of  this  hiyer,  its  narrow  end  being  directed  towards  the 
centre  of  the  Turnip. 

Fig.  7  A  longitudinal  section  through  the  axis  of  another  such 
organ,  showing  its  annufi  of  reticulated  cells  when  cut  through.  The 
cellular  tissue  wliich  fills  the  mterior  is  supposed  to  be  removed. 


APPENDIX    B. 


ON  THE  ORIGIN  OF  THE  VERTEBRATE  TYPE. 

[^JV/ien  xtmhfiiig  the  development  of  the  vertebrate  skeleton^  there 
occurred  to  me  the  following  idea  respecting  tlie  possible  origin  of  the 
notochord.  1  was  evcntitalh/  led  to  omit  the  few  pages  of  Appendix  in 
V'hich  r had (*.rpirFScd  this  id^a.  became  itivas  itnsuppnrtrd  h;/  devvlop' 
mental  evidence.  The  d*.vclopmenfaL  evidence  reccndtj  discovered,  iiow^ 
ever,  has  led  Professor  [[aevlccl  and  others  to  amdogous  views  rvspcciing 
the  a  filiation  of  the  A'ertebrata  on  the  ^lolluscoicb..  Har  tug  fort  H" 
natciu  preserved  a  pr'jof  nf  the  .<upjii espied  pc(</cs,  I  <un  aole  now  tO 
add  them.  With  the  omisiiion  of  a  iH/pcrfuous  paragraph,  then  am 
reprinted  verbatim  from  this  j)roof  whiclh  dates  bach  to  the  autumn  of 
1865,  at  whidi  time  the  chapter  on  ^^  The  Shapes  of  Vertebrate 
Skeletons*'  was  written, — December^  1869.] 

The  general  argnmcnt  contained  in  Chap.  XYI.  of  Part  lY.,  I 
have  thought  it  nndesirable  to  implicate  v/ith  any  conception  more 
speculative  than  those  essential  to  it ;  and  to  avoid  so  implicating 
it,  I  transfer  to  this  place  an  hypothesis  respecting  the  derivation 
of  the  rudimentary  vertebrate  stractnre,  which  appears  to  me 
worth  considering. 

Among  those  molluscoid  animals  with  wliich  the  lowest  verte- 
brate animal  has  sundry  traits  in  common,  it  very  generally  Iiappens 
that  while  the  adult  is  stationary  the  larva  is  locomotive.  The 
locomotion  of  the  larva  is  effected  by  the  undulations  of  a  tail.  In 
shape  ond  movement  one  of  these  young  Ascidians  is  not  altogether 
unlike  a  Tadpole.  And  as  the  tail  of  the  Tadpole  disappears 
.  when  its  function  comes  to  be  fulfilled  by  limbs ;  so  the  Ascidiaii 
larva's  tail  disappears  when  fixation  of  the  larva  renders  it  useless. 
This  disappearance  of  the  tail,  however,  is  not  withont  exception. 
The  Appendicvlaria  is  an  Ascidian  which  retains  its  tail  throngh- 
out  Fife ;  and  by  its  aid  continues  throughout  life  to  swim  about 
Now  this  tail  of  the  Appendicvlaria  has  a  very  suggestive  structure. 
It  is  long,  tapering  to  a  point,  and  flattened.  From  end  to  end 
there  runs  a  mid-rib,  which  appears  to  be  an  imbedded  gelatinous 
rod,  not  unlike  a  notochord.    Extending  along  the  two  sides  of 
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this  mid-rib,  aro  bundles  of  mascnlar  fibres;  and  its  top  bears  a 
gangliated  nerrous  thread,  giving  off,  at  interyals,  branches  to  the 
mnscnlar  fibres.  In  the  Appendicularia  this  tail,  which  is  inserted 
at  the  lower  part  of  the  back,  is  bent  forwards,  so  as  not  to  be 
adapted  for  propelling  the  body  of  the  animal  head  foremost ;  bnt 
the  homologous  tails  of  the  larval  Ascidians  arc  directed  backward.^  . 
so  as  to  produce  forward  movement  If  we  suppose  a  type  like  the 
Appendiculitria  in  the  structure  and  insertion  of  its  permanent  tail, 
but  resembling  the  larval  forms  in  the  direction  of  its  tail,  it  Is,  I 
think,  not  difficult  to  see  that  functional  adaptation  joined  with 
natural  selection,  might  readily  produce  a  type  approximating  to 
that  whose  origin  wc  are  considerini^.  It  is  a  fair  assumption 
that  an  habitually  -  locomotive  creature  would  prolit  by  in- 
creased power  of  locomotion.  This  iirantcd,  it  follows  that 
such  further  development  of  the  tnil-stnictnres  as  might  arise 
from  enhanced  function,  and  such  better  distribution  of  them 
lis  spontnneons  vnriation  miuht  from  time  to  time  iniuatc. 
would  be  perpetuated.  AVhat  nnist  bo  the  acconipanyinaj  chani^es? 
The  more  vii^orons  action  of  sucii  an  appcndaire  implies  a  tirmcr 
iii<oiTion  into  rho  borlv;  and  this  wouhl  \io.  lifectoil  by  ihe  pro- 
loniifatiou  forwards  of  the  central  axis  of  the  tail  into  the  creature's 
back.  As  fast  as  there  progressed  this  fusion  of  the  increasingly- 
powerful  tail  with  the  body,  the  body  would  begin  to  partake  of  its 
osclllaiions ;  and  at  the  same  time  that  the  resistanc  axis  of  the  tail 
advanced  along  the  dorsal  region,  its  accompanying  muscular  fibres 
would  spread  over  the  sides  of  the  body :  gradually  taking  such 
modified  directions  and  insertions  as  their  new  conditions  rendered 
most  advantageous.  Without  farther  explanation,  those'  who 
examine  drawings  of  the  structures  described,  will,  I  thhik, 
see  that  in  such  a  way  a  tail  homologous  with  that  of  the 
Appemlicuiaria,  would  be  likely,  in  the  course  of  that  de* 
veiopment  required  for  its  greater  cfliciency,  gradually  to 
encroach  on  the  body,  until  its  mid-rib  became  the  dorsal 
axis,  its  gangliated  nerve-thread  the  spinal  chord,  and  its 
muscular  fibres  the  myocommata.  Such  a  development  of  on 
appendage  into  a  dominant  part  of  the  organism,  though  at  first 
sight  a  startling  supposition,  is  not  without  plenty  of  parallels: 
instance  the  way  in  which  the  cerebral  ganglia,  originally  mero 
adjuncts  of  the  spinal  chord,  eventually  become  the  great  centres  of 
the  nervous  system  to  which  the  spinal  chord  is  quite  subordinate ; 
or  instance  the  way  in  which  the  limbs,  small  and  inconspicuoos  In 
fishes,  become,  in  Man,  masses  which,  taken  together,  outweigh  the 
trunk.  It  may  be  added  that  these  familiar  cases  have  a  farther 
appropriateness;  for  they  exhibit  higher  degrees  of  that  same 
increasing  dominance  of  the  organs  of  external  relation,  which  tho 
hypothesis  itself  implies. 
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Of  conrsc,  if  the  rndimentarj  yertebrate  apparatus  thns  grew 
into,  and  spread  over,  a  mollnscoid  Tisceral  system,  the  formation 
of  the  Dotochord  under  the  action  of  alternating  transverse  strains, 
did  not  take  place  as  suggested  in  §  255;  bat  it  does  not  therefore 
follow  that  its  dififerentiation  from  surrounding  tissues  was  not 
mcchanicallj  initiated  in  the  way  described.  For  what  was  said  in 
that  section  respecting  the  effects  of  lateral  bendings  of  the  body, 
equally  applies  to  lateral  bendings  of  the  tail ;  and  as  fast  as  the 
developing  tail  encroached  on  the  body,  the  body  would  become 
implicated  in  the  transverse  strains,  and  the  differentiation  would 
advance  forwards  under  the  influences  originally  alleged.  Obviously, 
too,  though  the  lateral  muscular  masses  would  in  this  case  liave  a 
different  history  ;  yet  the  iiegraentation  of  them  would  be  eventually 
determined  by  the  assic^ned  causes.  For  as  fast  as  the  strata  of 
contractile  fibres,  developing  somewhat  in  advance  of  the  dorsal 
axis,  spread  aionp^  the  sides,  they  would  come  uniler  the  iiillucnee 
of  the  alternate  iloxions  :  and  while,  by  survival  of  the  fittest,  their 
parts  becaiuo  aiijiisted  in  ilirectioii,  their  scirmentatiou  would,  iis 
bctbro,  accompniiy  their  inc'rea:>insj;  massiveuesv-.  The  actions  and 
reactions  duu  to  iutenil  undulations  would  still,  thnrelore,  l)e  the 
causes  oi  diUcrciuiuiiuii,  wiili  wiilch  uaturai  selection  wouid  co- 
u|jcrata 
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FIRST    PRINCIPLES; 

Xir  TWO  JPAJRTS: 

t  THE  UNKNOWABLE.  H  LAWS  OF  THE  EKOWABLB. 

In  one  Volume.    518  pases. 


•Air.  Spencer  hoa  earned  aa  eminent  and  commanding  position  aa  a  metaphjaidaji. 
mtat  hit  ability,  eamestnesa.  and  proiiindity,  are  in  none  oi  his  farmer  Tolumes  to  eon* 
■pteoooa  aa  in  thia.  There  ta  not  a  crude  thou^t,  a  flippant  tllni^  or  an  irreverent  in- 
•tiuiacion  in  thia  book,  notwithatandlnif  that  it  haa  aomeihlnff  oi  the  character  c£  a 
dorian  and  determined  mid  upon  the  old  pbiloeophiea.**— (7Aioa<^o  JoumaL 

**Thla  Toiume,  treatinii;  of  first  Prindplea,  like  all  Mr.  Spencer's  writlnfs  that  have 
fallen  nnder  our  obaerration,  ia  dlattmgwiaheii  for  eieamcaa,  comeatneaa,  candor,  and 
that  orlglnaUtj  and  flMriesaneis  which  erer  mark  the  true  philosophical  spirit  Hla 
treatmont  of  theologieal  opinions  is  rsTersBt  sad  raspeetital,  and  his  tugfsstlons  and 
srgnments  an  such  as  to  dsserrsi  as  thej  will  eompel,  the  sanest  sttsntioa  of  all 
thonghtftil  students  of  first  tratha  ioirseiiig  with  Hamilton  and  Ifansel  In  the  geno- 
nd,  on  the  nnknowableness  of  the  nneondliioned,  he  nsTsitheless  holds  that  their  beinc 
Is  in  a  form  ssserfod  by  consdoasness.^*— {AriiMafi  AdvoeaU, 

*  The  Iltsmy  world  bss  seen  tat  fowsn^sntborsss  Herbert  Spenser.  TbersbaTs 
been  metaphysical  writers  in  the  same  exalted  sphen  who  bsfors  him  bsTO  attempted 
to  reduce  the  laws  of  natnrs  to  a  xatioiial  system.  Bat  in  the  highest  realm  of  phtlo- 
Bophlcnl  InTcetigatlon  he  stands  head  and  shoolders  above  his  predecessors ;  not  perhaps 
purely  by  force  of  sopenor  intellect,  but  partly  owln;;;  to  the  greater  aid  which  the 
light  of  modem  scienoe  hasalforded  him  in  the  proeecution  of  hlsdiifiealt  taak.**^ 
Boston  SuiUitm, 

**  Mr.  Bpenoer  Is  sehlertag  sn  enviable  distinction  by  his  eontrlbntlons  to  the  eoon- 
try^s  Utoratnrs;  bis  system  at  phllosophj  Is  destined  to  beeomo  a  work  of  no  small 
iSBOwn.  Its  q>pesrBaee  at  this  tlow  is  snoTldsnee  that  oqr  people  an  not  off  absorbefl 
in  WW  and  Its  tnglo  mnta."— OUd  AcUs  JSmraaJL 

"Mr.  Spencer's  works  will  undoubtedly  rseeive  in  this  ooontry  the  attention  they 
mmit  There  is  a  bioad  liberality  of  tone  thronglumt  which  will  recommend  them  to 
thinking,  inquiring  Americans.  Whether,  ss  Is  ssserted,  he  has  established  a  new  sys- 
Ina  of  philosophy,  snd  if  so,  whether  that  systsm  is  better  than  all  other  systems,  is 
f«t  to  be  decide ;  but  that  his  bold  snd  vigorous  thought  will  add  something  valuable 
md  permanent  to  human  knowledge  ia  andenisble."-~(7i(foa  MtrakL 

*  Herbert  Spenesr  Is  tho  foremost  among  living  thinkers.  If  less  erudite  than 
Bamllfcoo,  ho  ia  quite  as  original,  and  is  mors  eompirobens<vo  end  catholic  than  BCan 
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y.  RepresentatiTe  GoTermnent. 
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YII.  Railway  Morals  and  Railway  Policy. 

Vm.  Gracefokiess. 

IX.  State  Tamperings  with  Money  and  Banks. 

X.  Reform ;  the  Dangers  and  the  Salegnazda. 

SOCIAL   STATICS; 

OB, 

THE  CONDITIONS  ESSENTIAL  TO  HUMAN  HAPPINESS 
SPECIFIED,  AND  THE  FIRST  OF  THEM 

DEVELOPED. 

In  one  ToIubm.  X<a>g«  ISmo. 

AXL  thMo  works  are  rich  In  matariuls  tag  fbnntiig  lBtaDlc«Bi  opIalOBii  ami  wht 
wa  ara  anabla  to  agrca  with  thoaa  put  ftMlh  by  the  aatbor.  Mneh  naay  be  leaned  Atm 
them  la  depfrtmenta  la  whleh  our  eonuaon  £docatI<»Bl  tystein  la  rery  defldeat  The 
letiTO  eltlaan  may  derira  from  them  aeeoxata  lyetematiied  taiftinnttloB  eoaeeniiBf  bla 
bigheet  datlea  to  aodoty,  and  tho  prindplea  on  which  they  ara  baaed.  He  may  gala 
I  lean  r  aottoaa  of  tha  TtlDa  end  bearlog  of  eTtdence,  and  be  better  able  to  dlatliigaiah 
between  Iheta  and  lallBreaeea.  HemayflndooomioBthhigsaQggestlTeorwtaerthonght 
—Bay,  we  will  Teatarew  my  of  tnieremotfoa—Chaa  before.  By  glrlng  aa  AiDer  reall- 
aatkma  «f  liberty  aad  Jaatlce  hia  wrltlaga  wlU  tend  to  lacnaaa  oar  aetf-taUaaaa  la  th* 
great  ciiierieBqir  td  drllliatkm  to  which  wa  hare  been  sammoaed.— ^llaaWa  MmUhiw 
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Mr.  Spencer,  ia  bia  ablo  aad  los^ical  work  on  **  Social  Statics  '*....  Edin» 
burgh  Hecisw. 

It  dcserres  Terr  hi^h  pratM  for  the  abliitr,  clctrnMs.  and  foreo  with  irhich 
it  Is  written,  and  which  entitle  it  to  the  coaracter,  now  ao  rare,  of  a  reallrsnb- 
siantial  book.— ^XoriA  £riti4ii  BucUw. 

A  remarkable  work.  ....  Mr.  Spencer  exhibits,  and  exhibits  with  re« 
markable  force  and  clearneso.  numjr  social  equalizations  of  a  Just  and  right 
speeles  which  remain  yet  to  be  efTected.— itrilieA  QuarUrljf  H^vieto. 

An  inquiry  conducted  thronghoat  with  dearneis,  good  temper,  and  strict 
logic.  ....  We  shall  bo  mistaken  If  thb  book  do  not  assist  In  organising  that 
huge  mass  of  thought  which,  for  want  of  a  more  tpedflo  name,  la  now  called 
Liberal  Opinion.— AMtffUVMfM. 

It  Is  the  most  eloqnent^  the  moat  interesting,  the  meet  deari^-espreaed  and 
loglcallyreasoned  work,  with  views  the  moat  original,  that  has  appeared  in  the 
sdenoe  of  social  polity.— Ziierory  0auU4, 

The  author  of  the  present  work  is  no  ordinary  thinker,  and  no  ordinary  wri- 
ter; and  he  mves  us,  in  lan^ace  that  sparkles  with  I>eanciea.  and  in  reasoning 
at  once  novel  and  elaborate,  precise  and  logical  a  rery  comprehensive  and 
complete  exposition  of  the  rights  of  men  in  society.  ....  The  book  will 
mark  an  epoch  in  the  literature  of  scientiflo  morality.— .fiTonomML 

We  remember  no  work  on  ethics  since  that  of  Splnosa  to  be  compared  with 
It  In  the  slmplldty  of  its  premises,  and  the  logical  rigonr  with  which  a  com- 
plete system  of  sdentifle  ethics  Is  e^oHred  fktnn  them.  ....  A  work  at  once 
■0  sc!entlflo  in  spirit  and  method,  and  so  popular  in  exeentlon,  we  shall  look  la 
Tain  for  through  libraries  of  political  philosophy.— Xsa«r«r. 

The  earefhl  reading  we  hare  given  it  has  both  aiforded  ns  Intense  pleasure, 
and  rendered  It  a  dnty  to  express,  with  nnnsnal  emphasis,  onr  opinion  of  its 
great  ability  aad  exocUeaee.— ATonooVbrmML 
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508  APPENDIX. 

this  mid-rib,  aro  bandies  of  mnscnlar  fibres;  and  its  top  bears  a 
gangliated  nerToas  thread,  giving  off,  at  interyals,  branches  to  the 
mnscnlar  fibres.  In  the  Appendicidaria  this  tail,  which  is  inserted 
at  the  lower  part  of  the  back,  is  bent  forwards,  so  as  not  to  be 
adapted  for  propelling  the  body  of  the  animal  head  foremost ;  bnt 
the  homologons  tails  of  the  larval  Ascidians  are  directed  backward:^  . 
so  as  to  produce  forward  movement  If  we  suppose  a  type  like  the 
Appendiculctria  in  the  strnctnre  and  insertion  of  its  permanent  tail, 
bat  resembling  the  larval  forms  in  the  direction  of  its  tail,  it  is,  I 
tliink,  not  difficnlt  to  see  that  fanctional  adaptation  joined  with 
nataral  selection,  might  readily  produce  a  type  approximating  to 
that  whose  origin  wc  are  considering.  It  is  a  fair  assnroption 
tliat  an  habitually  -  locomotive  creaiure  would  profit  by  in* 
creased  power  of  locomotion.  This  granted,  it  follows  that 
such  further  development  of  the  tail-structures  as  might  arise 
from  enhanced  function,  and  such  better  distribution  of  them 
as  spontaneous  variation  miiilit  from  time  to  time  initiate, 
would  be  perpetuated.  AVIiat  must  be  the  accompanyini^  chanties  / 
The  more  vij^orous  actiou  of  such  an  nppeuiJaije  implies  a  iirmer 
in^orrion  into  the  Inxlv;  and  this  would  i)0  cirectoil  by  the  pro- 
ioucjation  forwards  of  the  central  axis  of  the  tail  into  the  creature's 
back.  As  fast  as  there  progressed  this  fusion  of  the  incrensingly- 
powerfnl  tail  nith  the  body,  the  body  would  begin  to  partake  of  its 
oscllialions ;  and  at  the  same  time  that  the  resistant  axis  of  the  tail 
advanced  along  the  dorsal  region,  its  accompanying  muscular  fibres 
wonld  spread  over  the  sides  of  the  body :  gradually  taking  sacb 
modified  directions  and  insertions  as  their  new  conditions  rendered 
most  advantageous.  Without  further  explanation,  those'  who 
examine  drawings  of  the  structures  described,  will,  I  think, 
see  that  in  such  a  way  a  tail  homologous  with  that  of  the 
A  ppeiidiciUaria,  would  be  likely,  In  the  course  of  that  de- 
velopment required  for  its  greater  elTiciency,  gradually  to 
encroach  on  the  body,  until  its  mid*rib  became  the  dorsal 
axis,  its  gangliated  nerve-thread  the  spinal  chord,  and  its 
muscular  fibres  the  myocommata.  Such  a  development  of  on 
appendage  into  a  dominant  part  of  the  organism,  though  at  first 
sight  a  startlmg  supposition,  is  not  withoat  plenty  of  parallels: 
instance  the  way  in  which  the  cerebral  ganglia,  originally  mere 
ad  Janets  of  the  spinal  chord,  eventually  become  the  great  centres  of 
the  nervous  system  to  which  the  spinal  chord  is  quite  subordinate ; 
or  instance  the  way  hi  which  the  limbs,  small  and  inconspicaoas  in 
fishes,  become,  in  Man,  masses  which,  taken  together,  outweigh  the 
trunk.  It  may  be  added  that  these  familiar  cases  have  a  fartlier 
appropriateness  3  for  they  exhibit  higher  degrees  of  that  same 
increasing  dominance  of  the  organs  of  external  relation,  which  tbo 
hypothesis  itself  implies. 


